Progress Report to thel
CollaborativetScience Policy Group!

Prepared'by:’
The'Collaborative'Adaptive' Management'Team'(CAMT)'

February'14,'2014’
[Version!6.1IFINAL]!

ED_000938_00000645-00001



JIMIBECK et

CSAMP'Policy'Group'
reeerene.. KernlCounty!WaterlAgency!

Thomas!Birmingham........cccccovevveeiecvecenennennnn | Westlands!Water IDistrict
Charlton!“Chuck”!Bonham............cccceeuevenenn  ICAIDe partmentlofiFishland Wil dlifel

Mark!Cowin...
ZekelGrader...

reere s rnrrer e mre e e snrens e e e | CAlIDEpartmentlof!Water!lResources!
e eere st s e s er e e . L @ OlD NG Ate!SalmonlAssociation!

RenlLohoefener...cvcvvve e ULS UFishland Wil dlife IServicel
JefflKightlinger ... L Metropolitan!Water IDistrictlofISouthern!Californib

DavidMUrillo....coe ettt 1U.S.!BureauloflReclamation!
BilIPhIMOre ..ottt I Coalition!forlalSustainable!Deltal
DICKIPOO ittt ettt e IWater4Fish!
KatelPoole . NaturallResources!Defensel!Councill
William!Stelle.....ccccoeeeviiiiiiiiiieee ..o N ationallMarine IFisheries!Servicel
JaylZiegler. e, ThelNature!lConservancyl!
Collaborative'Adaptive'Management'Team'(CAMT)’
GarylBobker......vcicicre e The IBaylinstitute!
Frances!Brewster....c.uvieieieernereereene e e ISantalClaralValley!Water!District!
MikelChotkowski......ccccoeeveiveiveiveiceicevceneiveiveeeeen  ULS UFishland Wil dlife IServicel
ValerielConnor,ICo3Chair.....cvvvvviececieencreees IStateland!FederallContractorsiWaterlAgencyl
SUEIFIY ettt ettt vt s et r e e 1U.S.1BureauloflReclamation!
Lauren!HastingsS. oo vc i ve e et e I DeltalScience!Program!
Stevellindley. .. I NationallMarinelFisheries!Servicel
LauralKing!MoonN.......ccccciviiiiiiei e, CAlDepartmentloflWater!Resources!
AnkelMueller®olger....co i, lInteragency!EcologicallProgram !
MarialRea. .. NationallMarinelFisheries!Servicel
CarllWilCoX...uuviiiiiiiiiieriiiiiiieiievie e sesieeie e W ICAIDe partmentlofiFishland Wil dlifel
LeolWinternitz,!CoXhair........c.oooiiiiiieiiee ThelNature!Conservancy!

3i3

ED_000938_00000645-00002



Table'of'Contents’
|

1.0'Introduction’ 1
B INT4) 4 0 To 17 [t 4 Lo ] 4 O AP A,

¥

! 5

2.0'Process'Framewor
3.0'CAMT Priority' Workplans!...c.cceeeeninniniconmmisismsssssrosmsmsmosssnssssssssmsrsessesss 10
4.0'Problem'Statements,'Key'Questions,'and'Conceptual'Models......cc.c.eee0000n 32

4.1'Fall'Outflow'Management'for'Delta’Smelt .. 32

4. 2'0MR and' Delta’ Smell Entrainiment ... oo sismsssnosssrssescssssorssssssosssssss 39
4.3 50uth'Delta’ Salmonic SUrvIVal . ciesiosionssesisrsnsscassnssssoscnsssssonssssonssosnos FE

H ) ¥ 4 I3
5.0'0ther' Related ACtiVITIES . v iiiieriineuieirincrerosmncimmnirscesenssosoncnssosasssssamessssassosss DO

5.1'The'Fall'Outflow'Adaptive'Management'Plan'(FOAMP) .....c.ccccccvccirccrienns. 68
5.2'FLaSH'Studies'in'the' lEP"Workplan'...csee, 69
5.3'Delta'Smelt'Lifecycle'Modeling'Studies’...cccovinnn. 69"
5.4'Trawl'Gear'Efficiency'Evaluation'....cincscnsss 18
5.5'Smelt'Survey' Review ' Study .. 18
5.6'Central'Valley'Chinook'Life'Cycle'Model'.......ccccviiniiiininninnnniecnnnn 79"
5.7 Enhanced PTIM i sssessesissssss s sssssssesscsss OO
5.8'Other'Studies'Pertaining'to'juvenile'Survival'in'the'South'Delta’......cooe...'80
5.9'1EP'Studies'Relevant’'to'OMR'and'Delta’Smelt’ Entrainmenti.....occviinneniennn 80
Attachment'A:'Progress'Report'South'Delta’Salmonid'Research'Collaborative”
{provided'under'separate’cover) Il

! 3iiz

ED_000938_00000645-00003



List'of' Tables'
Tablel131!Considerations!forlCAMTINearZerm!Prioritiesl.....ccoovvveviiviii s Bl
Tablel1RIFinallListlofICAMTI2013!PrioritylTopiclAreash ... 4l
Tablel23LICSAMPIPRGSES, ...t ee e e e e e s e st e ea e e e e e s e e s e es s se s s s s ar e serranrans Bl
Table!331ICAMTIFalllOutflow!Workplank ... 13!
Table!3RICAMTIOMR/Entrainment!Workplank........ccooeoiiiiii e, 9!
Table!3BICAMTISouth!DeltalSalmonidISurvivallWorkplanl........ccooovviiiii R4l
Tablel431!Understanding!How!Habitat!AttributeslinlthelFalllAffect!GrowthlandIRecruitment!..33!
TableldRlldentifying!Risksland!Management!Strategies!.......coovveiiiiiiiei e, 34!
TableldB!MeasurementsloflEntrainment,!Abundance,land!Distribution L.......cccccool, 41l
TableldAFactorslAffectinglEntrainmenth. ... e 42!
TableldBIPopulation!LeVellEffectsl ... e e 43!
TableldBlimplicationsiforlManagementl ... 44l
TableldF7ISDSRCIStUAYIPIOPOSalSk .o s e e e e s e b1l
Table!l531IFLaSHIStudies!BeinglConducted!byHEPL. ... e 71!
Table!l532!0ngoingloriCompleted!Studies!Related!tolSouth!DeltalSalmonid!Survivall................. 81!
Table!538!Planned!EPIStudiesito!Support!lCAMTIEntrainment!Effortl.......cooooieiiiiiiiieeeiee 84!
Table!534!PotentiallAdditionall20141EPIStudiesito!Support!CAMT!Entrainment!Effortl............. 188!
Tablel53%!PotentiallAdditionall2015UEPIStudiesito!Support!CAMT!IEntrainment!Effort............. 188l
!

List'of'Figures'

Figurel23l!DeltalPlan’slAdaptivelManagement!iFrameworkl.......ccoo e, bl
Figureld3l!Revised!ConceptuallModellforiDeltalSmelth.......cccoooiiiiiiii e, B6!
Figureld®!ConceptuallModellfor!Transition!from!DeltalSmelt!SubadultsltolAdultsl................... 36!
Figureld®B!MechanisticlEntrainment!ModellforlAdult!DeltalSmelth.......coooiiiiiis 521
Figureld#!MechanisticlEntrainment!ModellforlLarvallDeltalSmelth...........cooiiiiiiins 53!
Figureld3s!HypothesisDriven!Entrainment!ModeliforlAdult!DeltalSmelth.....vvvvvveiee, 551
Figureld®!HypothesisaDriven!Entrainment!ModellforlLarvalland!Post3arvaliDeltalSmeltl......... 56!
Figureld37iManagement!Action!Entrainment!ModellforlAdult!DeltalSmeltl.............il. 571
Figureld®lConceptuallModellforlSouth!DeltalSmoltiSurvivall.....ccovvvv 60!
!

!

!

!

!

! RIVE

ED_000938_00000645-00004



1.0'Introduction”

Purpose’
Thisldocument!provideslalnine3month!progressireportlonithelestablishmentloflalnew!
CollaborativelScienceland!Adaptive!lManagement!Program!{CSAMP)!beinglundertakenlinlthe!
Sacramento—Sanloaquin!Delta.l

Content’
Thelreportldocumentslthelorganization,lactivities,landlinitialloutcomesloflalserieslofimeetings!
and!workshopstheld!bylthelprogram’siCollaborative!lAdaptivelManagement!Teaml{“CAMT"}!
operatinglunderlthelleadershiplandlguidanceloflthelCollaborative!Science!Policy!Group!{“Policy!
Group”).IFurther,!thelreportlincludeslinitiallworkplans!forithreelbroad!topiclareaslthatlemerged!
aslsourcesloflsignificant!ldisagreementlamong!participants.!Lastly, !thelreportlincludesirelevant!
backgroundlinformation,laldiscussionloflthe!frameworklandlprocess!needed!tolsuccessfully!
implementlcollaborativelsciencelandladaptivelmanagement,lalsummarylofithelcurrentland!
futurelactivitieslplanned!as!partlofithelCSAMP,land!highlightsloflthelcollaborationlefforts!
currentlylunderway.!

General'Background’
ThelCSAMPIlwasllaunched!followinglaldecisionlby!thelUnited!States!District!Court!forlthelEastern!
DistrictloflCalifornialon!Aprill9,12013lentitled!“Memorandum!Decisionland!Orderlregarding!
MotionltolExtend!Remand!Schedule”!{“Court!Order”),lissuedliniresponseltolalmotionltolextend!
thelcourtorderediremand!schedulelforlcompletinglrevisions!tolsalmon!(NMFS12009}landDelta!
Smeltl(FWSI2008)!BiologicallOpinions!(“BiOps”).ll

!

ThelCourt!Orderlalliowed!the!partiesimaking!the!motionl(i.e.,!U.S.|Bureaulof!Reclamation,!U.S.!
Fishland!WildlifelService INational!Marine!Fisheries!Service,land!the!CalifornialDepartment!of!
Water!Resources)ladditionalltimelforitheldevelopmentloflaroposed!“robust!scienceland!
adaptivelmanagementlprogram,lwith!collaborationlofithelscientistslandlexperts!from!the!Public!
WaterlAgencies!{(‘PWAs’)land!ltheINGOlcommunity”lintended!to!“inform!theldevelopmentland!
implementationlofithe!BiOps”!{(Lohoefener!2012landlincluded!inlO’Neilll2013).!

Organization’
Followinglthelissuanceloflthe!Court!Order,laltwozieredlorganizationallstructurelwaslestablished!
tolimplement!CSAMPlcomprisedlof:l{1}lalPolicylGroup!madeluploflagencyldirectorslandltop3
levellexecutiveslfrom!thelentitieslinvolvedlinlthellitigation,land!{2}ithe!CAMTlincluding!
designated!managerslandlscientistsltolservelaslalworking!group!functioninglunderitheldirection!
oflthelPolicy!Group.!

! !
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Mission'Statement’

ThelCAMTlarrivedlatlthelfollowing!mission!statementlatlitsluly!23,12013Imeeting:!

!
ThelCollaborativelAdaptivelManagement!Team!{CAMT)lwilllwork, lwithlalsenselof!
urgency,ltoldeveloplalrobust!sciencelandladaptivelmanagementlprogram!thatiwilll
informlbothlthelimplementationloflthelcurrent!BiologicallOpinions,lincludinglinterim™*!
operations;land!theldevelopmentloflrevised!BiologicallOpinions)

*Thelterm!“interim”Irefersholthelperiod!duringlwhich!revised!BiologicallOpinionslarelbeingldeveloped.

CAMT'Behavioral'Norms’
AtlitsifirstimeetinglonlJune!11,12013,lthe!lCAMTlexpressed!alwillingness!tolworkltogether!
accordingltolbehaviorallnormslproposed!bylim!Beck,!GenerallManagerlofithe!KernlCounty!
WaterlAgencylandlalmemberloflthe!Policy!Group.!Becklsuggested!thatlthroughoutlits!
deliberations,!ICAMTImembers!should!striveltolbe:l
!
¢ Transparent:!Significantlcommunicationlregularlyloccurringlwithlalliparticipating!parties!
present.!
* Accessible:!Abilitylforleveryoneltolbelheardland!participatelinltheldialogue!
¢ Solution"Oriented:!Looking!forlhow!tolgetlthingsidone.!
* Honest:Directlwithout!being!disrespectful.!
¢ Timely:lissueslraisedlareladdressedlinlalrapid!manner,land!scheduleslarelmet. !
¢ Creative:!Willingnessltolthinkloutsidelthe!lbox.
¢ Open'Minded:!Willingnessltoltrulylconsiderlall!pointsloflview-evenlwhen
right.”!

14

Hknowl!ilam!

Disagreements'and'Collaborative'Science’
Atltheloutset,lit!should!belstated!that!strongldisagreementslpersistlamong!lCAMT!members!
regarding!thelstateloflknowledgelinicertainlareasloflimportanceltolwaterlprojectloperations.!
Nonetheless,lalllCAMT!memberslistrongly!supporticollaborative!lscience;landlinispitelof!
unresolved!differenceslregardinglthelpremises, formulation,land!managementlimplications lof!
certainlworkplanlelements,|CAMTlhaslchosenltolbelaslinclusivelas!possiblelinlthelcontentlof!
topiclarealworkplans.!

!

CAMT!memberslagreed!thatlalcollaborativelapproachl!tolsciencelofferedlalmeansloflimproving!
decision3makingland!reducingldisagreementsiresulting!from!factualluncertainties,!provided!that!
thelcollaborativelapproachlrelieslonlaccepted!standards!foriscientificlanalysislandirevew.’
Consequently,ICSAMPIstudieslwillineed!tolbelpursued!withlas!muchl!scientificlrigorlaslislpossible,!
andlwithoutlbias.!

!

ThelCAMT!hopesithatlthelresultslwilllhelplrefinelthelunderstandingloflbiologicallprocesses,!the!
roleloflwaterlprojectloperations,landlotherlforceslinldetermining!biologicalloutcomes.!The!
CAMT!believesltheldevelopmentlofireliablelinformationithroughl!collaborative, linclusive!
scientificlstudieslwilllhelplreduceldisagreementsloverltime.!
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Identification'of'Priority Topics'for'2013'
Addressinglthelneed!tolfocuslonlspecificltopiclareasloflurgencylandlrelevancelto!CAMT!
members,lalpreliminaryllistloflpotentialltopicstwasldeveloped!atitheljunel25,12013ICAMT!
meeting,ltogetherlwithlallistloflscreeninglconsiderations!tolassistlinlarrivinglatlalshdist!of!
priorities.IThoselconsiderationslidentified!by!lCAMT!Imemberslarelincluded!in!Table!13!below.!

!
Itlislimportantltolnotelthatlthisllistlislalcompilationlofldiverselfactorsloffered!bylindividuallCAMT!
memberslduringlalbrainstorminglexercise.lConsequently,Helrelativelimportancelofleachlitem!
varieslconsiderablylamonglindividuals,lwith!somelCAMT!memberslassigning!nolimportancelto!
certainlofithelconsiderationsllisted.!

Table'1/1'

Arelthelactivitieslwithin!theDelta?!
Does'nt’address’the’lssues'defmed’as’par’c'of’the'remand’process?I
mlMsMiN{ﬁﬂé}e'the’potentxa!’for' sngmfxcant 'mean1ngfu!'resu!ts’that'can'xnform'management'actxons? !

Isltherelalpotentiallfor! significantinearXermlbenefitsltolfishlspecies?!

EFFICIENCY' |

v
|

Isltherelalpotentiallforlusinglwaterlsupplyltolprovidelfishlprotection!morelefficiently? |

Is'there'the’potentla!'to’ s;gnn‘xcant!y’reduce’uncer’calnty'and’mcrease'unders’candlng?I

Islthislanlopportunityltolshowlfishlprotectionlandlwaterlsuppl ylcanlbelmanaged!together?!

Canlresultslbelachievedlinlaltimelylmanner?

p

s'there’capacnty (stafﬁng)’and’capabxhty (fundmg)'avaﬂab!e’ n’the'txme'remammg'v’I

pommmmmesmananms S A9 ]

TEAM'BUILDING'

|
|

Couldlislthislbelanlopportunityltoldemonstratelsuccessfulladaptivelmanagement?

|

Islthislanlopportunityltolstrengthenltheltrustlandlrelationshipslamonglthelparticipants? !

Source:!ICAMTIMeeting!#2!Minutes!{Junel25,12013)!
!

Followinglgroupldiscussionsloflbothltopiclareaslandlrelevant!screeninglquestions,lthe!lCAMT!
agreedluponlfourlgeneralltopiclareasiforlfurtherldevelopment.ITheylincluded!
!

¢ Oldland!Middle!River{OMR)!Flow!Managementland!EntrainmentlofiDeltalSmelt,!Longfin!

Smelt,land!Salmonids,!

¢ Fallloutflow!Management!forlDeltalSmelt,!

* South!DeltalSalmonid!Survival,land!the!

* EffectivenesslofiHabitat!Restoration.!
!
Atlaljuly!25,12013!progresslupdatelmeetingloflthelCAMT!Co3Chairslandlthe!Policy!Group,iseverall
Policy!lGroup!memberslquestioned!whetherlorlnotlthelCAMTlhad!theltimeland!resources!
needed!tolcompletelaliifourlofltheltopiclareas!selected.The!lCoXhairslagreed!toltakelthelissue!

! B:
!
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uplwithlthelfulllCAMT!landlrenderlalfinalldecision.!Atlits!August!27,12013!meeting!the!l CAMT!
agreed!toltable!furtherlinvestigationloflthelEffectivenesslofiHabitat!RestorationluntiliMarch!
2014.\Atlthatlpoint,lthelfinalllistloflinitialltopiclareadwaslconfirmed!(see!Table!132).!

Table'1"2:'Final'List'of' CAMT 2013 Priority' Topic'Areas’

Fall'Outflow'Management'for'Delta'Smelt’ FWS,!ICDFW!

OMR'Management‘and'Entrainment'of'Delta’ FWS,ICDFW!

Smelt’

South'Delta'Salmonid'Survival' NMFS,!CDFW!

Relationships'to'other' Adaptive'Management'Programs'and'Research’
Finally,litlshouldlbelnoted!thatltherelarelseverallresearchlpragramslandladaptive!lmanagement!
effortslcurrentlylunderwayloutsideloflthe!lCSAMP.IThe!CSAMP!does!notlreplaceltheseleffortslor!
reduceltheirlimportance.linstead,!thelCSAMP!willlsupplementlandlinform!them.!

!

ThelCSAMPlwilllprovidelalnew!approachltolintegrating!stakeholder!pointsloflviewlintolthese!
processes,lorltolcreatelnewlgroupslifinecessaryltolcollaborativelyladdressiremand¥elated!
guestions.!ThelCAMT'slintentlisltolensurelthatldisagreementlabout!thelbasisiforland!
effectivenessloflthe!lRPAslbeladdressed!bylalsdencedased!processithatlisliegitimate,kcredible,!

andlrelevantltolstakeholderlconcerns.!
|
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2.0'Process'Framework’

Introduction’
Inladdition!tolfocusinglonltheldevelopmentloflindividuallworkplansiforlthelprioritylto piclareas!
presentedlin!Table!132,ICAMT!Imembers!particip atedlinlregularldiscussionslregardinglthe!
frameworkland!processtforlbothltheldesignlandlimplementationlofirecommendationslcontained!
inlthislreport,laslwelllaslanlongoinglprocessiforlcollaborativelsciencelandladaptivelmanagement!
duringlthelcurrentlrevisionloflthe!BiOpslandloverlthellongerlterm.!
!
AtlthelfoundationloflthelCAMT!processlislitsimission!“toldeveloplalrobustiscienceland!adaptive!
management!progrant’lwithlincreased!collaborationlamonglstateland!federallagencies,|PWAs,!
and!NGOslthatlarelpartiesltolthelremandlprocess.linlthelcourtlexhibitlentitled,|Federalland!State!
ProposallforiModificationltolthelRemand!Scheduleland!an!Alternative!Process!for!Development!
oflOperationallStrategiesland!alCollaborative!Scienceland!AdaptivelManagement!Program,!
dated!November!29,12012,lthelproposed!purposesiforlthelCAMT!processlwerelpresented!as!
follows:!
|
Theladaptivelmanagementlprocesslwilllincludelthelactivelevaluationloflcurrent!
hypotheseslassociated!withlkeyloperatinglparameterslthatlarelassociated!with!the!Bay!
Deltaloriented!measuresloflthe!BiOps,lsynthesizinglcurrent!scientificlinformation,!
developinglnew!modelinglor!predictiveltools,landltestinglandlevaluatinglalternative!
operationallstrategieslandlotherlmanagementlactionsltolimprovelperformancelfrom
bothlbiologicallandlwater!supply!perspectives.!(DN!108031,12)!
!
IMorelspecificallylthelCourt!Order,lquoting!from!theldeclarationloflLohoefner,Istateld:
!
Withlrespectltoltheldisputed!BiOps,ICSAMP'slspecificlgoalslarelto:l(a)lidentifyland!
evaluate!managementlactions,lincluding!but!notllimited!tolactions!set!forthlinithe!
[BiOps'IReasonableland!Prudent!Alternatives!("RPAs")], ltolprotectlonelorimorelofithe!
listed!species;!(b)IDeveloplalmonitoringlprogram!tolaliow!forlthelevaluationloficostsland!
benefitslandloflalternativelmanagementlactions;land!(c)Support!theldevelopmentland!
adoptionloflanlannualloperationallplanlby!nollaterlthan!December!i5lofleachlyear!
!
ThelCAMTIsciencelprocesslwilllbelbroadlylconsistentlwithltheladaptivelmanagement!process!
describedlinlthe!DOllAdaptive!lManagement!TechnicallGuideland!theDeltalSciencelPlan.IThe!
firstistepslinithat!processlconsistloflidentifyingproblems,ltransiatinglthoselproblemslintolgoals!
andlobjectives,land!formulatinglandlevaluatinglalternativelactions!tolachievelthelgoakland!
meet!thelobjectives,!therebyldealing!withlthe!problem¢seelFigure!231).!
!
Theselinitial,!generallstepslinvolveldevelopmentloficonceptualimodels,lidentifyingluncertaintied
and!disagreements,formulatinglthypotheseslorlquestions !thatladdress!theluncertaintiesland!
disagreements,landltestinglthoselhypotheses! orlansweringlquestionslusinglvariousliscientific!

33
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techniques,lincludinglcollectionlorigenerationlofinew!data,land!analysisland!modelingloflexisting!

data,!lwithlappropriatelattention!tolsourceslandlreliabi litylofldata.!
!

Thislprogresslreportlrepresentslalpreliminarylversionlofltheselinitiallsteps.!Problemlistatements!
havelbeenldeveloped!forleachltopic,lasthavelquestionslandthypotheses.|Preliminarylversionslof!
conceptuallmodelslarelincludedlinithislreport.!Moreldetailed!specificationloflquestions,!
hypotheses,landiconceptuallmodels,Ipotentiallylincorporatinglreview!bylsciencelexperts!
(includinglindependentlscientists) lwilllbelanlimportantinextistep.!Solwilllspecificationloflwho!

willlcarryloutlthelwork,land!whatlapproacheslandimethods!arelfeasiblelandlappropriate.l!
!

objective evidence for
identifying and defining Communicate limitations and

- g problems . | opportunities of goals and
Advise on selecting | | L objectives

the next generation
of follow-up actions |

y Specify or develop appropriate
”“ y , conceptual and quantitative
Communicatenew | ™, / ‘ models; identify critical
| scientific Y | uncertainties; develop
understanding to " 1‘ Mo . hypotheses: model alternative
decision-makers i e | actions; identify data necessary to
: | test hypotheses

using information from models
and decision support tools
{Box 3-2}; use models to

develop performanc
measures .

Analyze data, synthesize
. scientific information,
. and evaluate progress
based on performance | , ‘
measures ‘ i %"”%

. Design and implement
Use models and tiered ‘ actions to test assumptions
management questions to | and predicted outcomes
design monitoring. Collect, | . and reduce scientific

. manage and share data. ‘ f

(Source:!DeltalSciencelPlanl12/30/2013,123)!

Figure'2rL:'Delta’Plan’s' Adaptive'Management'Framework'with'the'role'of’

science'identified'in'callfout’boxes'for'each’'step.’

!

InlthelCAMT!process,lthe! resultslofltheselinitiallstepshavelidentifiedlsomeldisagreements!and!
betterldefined!theluncertainties.lAslshownlinlFigure!231,lalkeylinitialisteploflthelscienceleffortlid
theldevelopmentlofICSAMPIconceptuallmodelstforithelpriorityltopicsllistedlin!Tablel12.!
Preliminarylversionsloflthese!modelslarelincluded!inlthislreport.|Aslthe CSAMPIprocess!

%3
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proceeds,!thelconceptualimodels!willlbelcontinuallylimprovedlandkervelaslalusefulltoolito!
clearlylidentifyluncertaintiesland!disagreements,keeping!the!lCSAMPleffort focusedlon!feasible!
andlappropriatelmeanslofladdressing!them!

!
Wherelexistingladaptivelmanagementlorlotherlresearchlprogramslhaveldevelopedlandladopted!
conceptuallmodelsiuponlwhichlongoing!studieslarelbased,!thoselmodelslarelnotlexpected!tolbe!
replaced!bylthelCSAMPIlconceptuallmodels,lalthoughlthelcollaborativelprocessimaylresultlin!
changesltolthelexistinglmodelslaslitimoves!forward.!

!

Discussionslregardinglthelprecise!pointloflentryltoltheladaptivelmanagementlcyclelforleach!of!
thelpriorityltopiclareaslrevealed!thelcomplexityloflintervening!duringlongoingladaptive!
managementlactivities,laslwelllasltheldifferenceslamonglthengoing!sciencelprograms!within!
eachltopiclarea.lCAMTImemberslexpressed!divergentlviewslaboutlthelextentltolwhichlthel CAMT
shouldlcreate!lnewl!groupsltoladdressispecified!tasksiversuslrelyinglonlexistinglefforts,lwhile!not!
wantingltolimpedelorlduplicatelcurrentlprograms.!AlchallengelforlthelCAMT!Imoving!forward!
willlbelefficientlcoordinationlwithlthelexisting!lprogramslinlcompleting!thelpackagelof!
investigationsithelCAMTlconcludeslarelneeded!tolinform!thelremand!process.

Formulation'of' CSAMP'Problem/'Statements’and'Scientific'Questions'
ThelCAMT!recognized!thelneed!toldeveloplitslown!problemlistatements!(Step!ilin!Figure!231 }ifor!
eachlofltheltopiclareasland!spend!timelarticulating!disagreementslregardinglconceptuallmodels!
and!hypotheseslunderlyinglthelassociated!RPAlactions.!
!
Tolcarryloutlitslactivitieslconsistentlwith!theladaptivelmanagement!framework,ICAMT!members!
alsolsawlthelneed!tolengagelqualifiediscientistslandlexpertsiwholcould!contributeltoldeveloping!
newlscientificlinformationl!forlthe!lCSAMP.IRecognizinglthat!thelCSAMPIlislanloverlaylonlother!
programs,lthislexpertiselwould!belapplied!to:!
!

¢ Developlproblem!statements!

¢ Reviewlcurrentlconceptuallmodelsland!sciencelactivitied

¢ Identifylrelevantlkeylquestions !

¢ Articulatelalternativelconceptuallmodelslandthypothesesltolfacilitatelassessmentlof!

disagreements!
* Proposeldatalcollectionland/orlanalysislcapableladdressinglareaslofluncertainty!

Schedule'and'Phasing'
Aslpresented!inlTable!231,!thelCSAMPlprocessicanlbelviewedlinlfourldistinct!phases:|(1)!the!
initiallnine3month!period!betweenlthelissuancelofithelCourt!Orderland!FAeruary!15,12014, lwhen!
thelpartieslwilllsubmitlaljointlstatuslreportltolthelCourt;!(2)!thelperiod!ifrom!February!15,12014!
tolthelendloflcourtlapprovedlextensions;!{3)lcompletionlofithelnew!BiOps;land!{4)ithellongxerm!
futurelfollowing!thelcompletionlofithelrevised!BiOps.!Thelfinallschedulelwilllbeldetermined!by!

courtldecisions!fromlitheldistrictlandlappellatelcourts.
!
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Thelfocusloflthislsectionlislonlthelsecond!phaselofithelprocess,landlitlassumesithatlthelCAMT!
willlcontinuelitslefforts.!

Table'2M:'CSANMP 'Phases'

0 B
Dhase Dukatio
1. Initial'Extension’ S!Monthsl! Court!lOrder!(4/9/13)! Joint!Status!Report!
Submittall(2/15/2014)!

2. Subsequent’ 2lyears! Courtldecision(s)lon! Courtlorder™!
Extension(s)' furtherlextensionsl!

3. Completion'of’ ! Whenlextensionslend Courtlorder!
Revised'BiOps'

4. Operations’ Long3rerm! AcceptanceloflRevised! | Ongoing,!with!
according'to’ BiOps! collaborativelscience!
revised'BiOps' andladaptive!

management!milestoned

1!The!current!court!order!requires!the!USFWS!to! issuelitsifinallibiologicallopinion tbyiDecemberil, 12014, land! NMFSitolissuelitsifinall
biologicallopiniontbylFebruaryll,12017. 1

I

Therelwaslbroadlagreementlwithinlthe!lCAMT!thatlalsuccessfulllongXerm!programlof!
collaborativelscienceland!adaptivelmanagementlrequiredalcrediblelandllegitimatelframework!
and!processithatlensureslbroad®ased!acceptanceland!support!forithelscienceland!decisions!
resulting!from!thelprocess.!

I

Atlthelsameltime,!forlthe!lCSAMP!processltolbelconsidered!successfullinithelimmediatelnear!
term,lthelcompletionlandlimplementationlofldetailed!workplans,!buildinglon!thelprogress!
achieved!duringlPhasel!l, lislessentialltolmaintainingltrustlinithellegitimacyloflthelprogram!for!
many!CAMTImembers!

I

CAMT!memberslagreed!thatlcrediblelworkplansirequiredlinput!fromlqualified!scientific!
professionalslwithlexpertiselandlexperiencelinlthelissuesibeingladdressed;land!thatltherelmust!
continueltolbelurgency,lperseverance,landlresourceslapplied!tolthelcompletionlofithelresulting!
sciencelactivitieslinlkeepinglwith!thelcommitment!madelby!thelfederalland!statelagencieslito!
evaluateland,liflappropriate, Irefinelthe!RPAs.!

Integration'with'other'Science'Activities'
CAMT!memberslarelhopefullthatlthat!thelCSAMPlprocessicanlcomplementlandladdivaluelto!
existinglsciencelinitiativeslbylstrengtheninglstakeholderlengagementlandlofferinglalnew!bridge!
betweenlandlamong!stakeholders,!scientists,Imanagementlagencies,land!policy3makers.!

Completion'and'Implementation’of' Topic'Area'Workplans'
TwolinitiallCAMTIsubgroups!prepared!draftiproblem!statementslandlidentified!key!questions!
andlhypotheseslrelated!to:!|(1)/OMR!Flow!Managementland!EntrainmentloflDeltalSmelt,!Longfin!
Smelt,land!Salmonids;land!(2}{Fall!Outflow!Managementlfor!Delta!Smelt.ICAMTImembers!
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deferred!considerationloflalthird!subgroupland!builtlonlthelfinallreportlprepared!bylthe!SDSRC!
Somelitemslinlthelworkplanslcouldladd!to, lbutlwillinotlreplace, lexistinglongoing!studies!planned!
forl2014,!suchlas!FLaSH!orlother!iEP!studies.!

!

Planslincludelquestionslandlhypotheseslthaticanlbeladdressedlusinglexistingldatalsets!(as!
opposed!tolrequiringlthelcollectionlofinew!data)./Thelspecificltasksimaylvaryldependinglonithe!
natureloflthelspecificlquestion(s)lbeingladdressed.!Thelprocessimaylrelylon!{1}lexisting!
investigationslbylothersl(e.g.IFalllOutflow!AMPlor!South!DeltalSalmonid!lResearch!Collaborative)}}
(2)Inew!worklbylagencylistaff,Istakeholderlstaff,landlotherlexpertsjor!(3}lalcombinationloflthe!
two.ISuchlinvestigationsimay!belincorporatedlintolexistingleffortsisuchlaslthelFalllOutflow!AMP!
orliEPIProject!Work!Teams,lorlthey!maylbeldoneloutsidelofltheselefforts.!

Expanding'the'Public'Communications'and'Engagement’
Fromltheloutset,lthe!Policy!Groupland!CAMTImembers!recognized!that!forlthelCSAMPltolhave!
lastinglvaluelbeyond!thelcourtorderediremand!process,litlwouldineed!tolreachlout!toland!
engagelwiderlcirclesloflstakeholderslandlinterestsithanlthoselorganizationslthatlarelpartiesito!
thelremand.!Aldetailed!proposaliforlcommunicationslandloutreachlwilllbelalcriticallelementlof!
thelPhase!l2lprocess.
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3.0'CAMT 'Workplan'

Tables!3.1lthrough!3.3loutlinelproposed!nearerml!prioritylworklelementslforleachloflthelthree!
highlpriorityltopiclareaslidentified!bylCAMT!(see!Table!1.2).ITheltableslbelow!focus!primarilylon!
work!tolbelconducted!inl2014,!recognizinglthatlsomelworklelementslwilllrequire!morelthanlone!
yearltolcompleteland!thuslwilllextendlintol2015.!Thelprocessiforlidentifyinglpriorities,Imanaging!
investigations,landlfacilitatinglcredible!sciencelinlfurtherldevelopinglandlexecutinglthelwork!
planslisldescribed!below.!

Identifying'Priorities’
CAMT!membersland!theirldesignees!determined!prioritylworklelementdbasedlonlalreview!of!
thelkeylguestionslandlotherimaterialslprepared!byltechnicallsubgroups!(see!Sectionl4)!Criteria!
forldetermininglprioritylworklelementslincluded!theirltimeliness!{i.e.ltheylcould!belcompleted!
withinlthelnextltwolyears),Irelevanceltolinterimloperationslandlthe!BiologicallOpinionsl{i.e.!
resultslwouldlinformitheldevelopmentlofirevised!biologicallopinions),land!potentialltoldirectly!
address!specificldisagreements!between!CAMT!participantslregarding!theldesignlor!
interpretationloflexistinglanalyses.!!

Scoping,'Conducting'and'Reviewing'Science'lnvestigations'
CAMT!memberslviewlalclear, ltransparentlprocess!forlscoping,lconductingland!reviewing!new!
sciencelinvestigationslasicriticalltolensuringlthelrelevancelandllegitimacyloflthelcollaborative!
sciencelandladaptivelmanagementlprocesslandloutcomes.|CAMT!proposesltolorganizelitslwork!
accordingltolthelfollowing!threelfunctions!!

1. Scoping™IThislfunctionlwilllbelconducted!bylnew!CAMT!designated!Scoping!Teams!with!
guidancelfromlthelDeltalScience!Programl!tolensurelconsistencylwithlthe!Delta!Science!
Plan.IThelpurposelofltheselteams!would!beltolscopelworkplanlinvestigations,linteract!
withlothers!ldoinglrelated!work,!developlworkplans!forlconductinglinvestigations, report!
progressibackltolthelfullCAMT,land!assistlthelCAMTlinlrevisinglworklplanslasineeded!
“Scoping”!meanslestablishinglthelrelevancelandliegitimacyloflworklplanlelementsland!
putting!boundarieslonlthelbreadthloflwhatlwouldlbelinvestigated!as!partloflthe!|CAMT!
work!planlsolasitolassurelrelevanceltolthelBiologicallOpinionslandlthe!lCAMT!mission;lit!
does!notlmeanl!prescribinglexactlylhowland!bylwhomlstudies!willlbelconducted.!Scoping!
Teams!maylalsolassistlwithlguiding,!coordinating,land!trackinglimplementationloflwork!
elements,laslrequested!by!CAMT.l!

2. Conducting™nvestigationsi-lActuallsciencelinvestigationslwould!be!performed!by!
gualified!technicallexperts,lidentified!landirecommended!bylthe!DSP, lwithlinput!from!
thel!Scoping!Teams,landlapproved!by!CAMT.linvestigationsimay!belperformed!by!
individualslorlteamsloflindividuals.ICAMT!would!relylonlexisting!groupsland!programs!
whenlappropriate,land!wouldlengage!new!groupslasineeded.!

2. Reviews!-IStructuredlreviewslwould!belorganized!and!managed!bylthe!DeltalScience!
Programlforlboth!study!plansland!worklproductsiresulting!/fromlinvestigations!
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Thelfollowing!providesladditionalldetailslonlthelformationland!responsibilitiesloflthe!Scoping!
Teams:!
¢ ScopinglteamslwilllbelcomprisedloflCAMTImemberslorltheirldesignees,lalrepresentative!
fromlthe!DeltalScience!Program;lalfacilitator;landladditionallpeople!nominated!by!/CAMT!
coXhairs,landlapproved!by!lCAMT, wholprovideladditionallskills,Isubjectlarealknowledge!
andlexperience.lThelCAMT!coXhairslwillldesignatelscopinglteaml!chairslwith!the!
approvalloflthelfullCAMT.!
¢ Scopinglteamslwilllrefinelthelkeylquestionsland!hypotheseslandlidentifylmoreldetailed!
workplans,forleachlworkplanlelement,linlconjunctionlwith!theltechnicallexperts.!!
¢ Scopinglteamslwilllsubmitlworkplans!(including!budgetsland!schedules)land!reportsito!
CAMT!forlapproval.ll
¢ ThelDeltalSciencelProgram!shallloverseelindependentlreview!oflworkplanslandlany!
reportsiproduced!aslalresultlofithelinvestigations.!
¢ Scopinglteamslwilllreport!directlylto!lCAMT.!

Delta'Science'Program'Assistance’
The!lCAMT!proposesitoldrawluponlthelresourcesloflthe!DeltalSciencelProgram!(DSP)land!
mechanismsloutlinedlinlthe!DeltalSciencelPlanltolfacilitatelimplementationloflthelworklplahs
ThelCAMTlviewsl!thislas!criticalltolensuringlthelcredibilitylandlintegrityloflthelscientificlprocess!
and!theloutcomes./CAMT!proposesithatlunderltheldirectionloflthe!DeltalLead!Scientist,!the!DSP!
would:!!
¢ Providelguidancelonlscientificlmethodsland!best!practicesltolbelusedlinldevelopirg,!
refininglandlimplementinglworkplanslandlensurelconsistency!withlthe!Delta!Science!
Plan.!
¢ Helplidentifyltechnicallexpertslthatlwould!designland!carryloutlthelscientific!
investigationslcalled!forlinithel CAMT!worklplanlandlsynthesizelresults.!Theselexperts!
wouldlbelprovided!thelfreedomland!flexibilityltoldesignland!conduct!specific!
investigationslwithinlthelboundariesloflthelscopelestablished!bylthe CAMT!scoping!
teamsldescribedlabove.!
¢ HelplthelCAMTlidentifylanyladditionallsubject¥elated!expertiselthatlwould!assistlwith!
scopingland!coordinationltasks.!
¢ ManagelandlimplementlalllindependentlreviewsloflICAMT!sciencelproposals,istudy!
plans,landlresults.!Thislwouldloccurlunderlthelleadershipland!decisionrdmakinglauthority!
oflthelDeltalLead!Scientist.|Additionallreview!may!comelfrom!the!Deltalindependent!
Science!Board!(DiSB),lifldeemed!appropriatelbylthel CAMT!
!
The!DSPlwouldlalsolcontinueltolassistlthelCAMTlinlgenerallbylidentifying!specificlmechanisms!
forlfacilitatinglcrediblelsciencelprocesseslasloutlinedlin!Sections!4.5land!4.6loflthe!DSPlplan.!!

Coordinating'with'Ongoing'Studies’
OnelgoallofithelCAMTlworkplanlisltolleveragelexistinglstudiesland!monitoringltolavoid!
duplicationlofleffort.ITableslprovided!in!Section!5Slillustrate!lEP!studiesithat!mayladdress!CAMT!
datalneeds,lhypotheses,land!questions.!Multiplelsurveys,!datalsets,land!studies!willlbe!
necessaryltoladdresslthelquestionsland!hypotheses.IThel CAMT!Scoping!Teamslwould!be!
responsiblelforlcoordinatinglandlintegratinglCAMTlactivitieslwith!thesdexistinglefforts.!l
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Principles'for'Designing'and’implementing’Science'Studies’
Tolassurelrelevancelandlcredibility,lalllCAMTIstudies!willlbeldesignedlandlimplemented!
accordingltolscientificlprincipleslinlthe!DeltalSciencelPlanlandlincludd

¢  Welltated!goalsland!objectivesl!

¢ AlstatementloflrelevanceltolthelCAMT!prioritylworklelements!

* Clearlconceptualland/orimathematicallmodel(s)!

¢ Questionslandlhypotheseslithatlarelclearlyllinked!tolthelconceptuallorimathematicall

model(s)!
¢ Alstudyldesignlcapablelofladdressinglthelquestionstwith!sufficientlprecisionland!
accuracylandlwithlstandardized,lwell3ddocumented!methods!foridatalcollection

¢ Analyticallrigorland!soundliogiclforlanalysislandlinterpretation

* Clearldocumentationlof!methods,!results,landlconclusions

¢ Publicationloflresultslinlpeer¥eviewed!scientificljournalslorireportsd
!
Independentlreviewloflproposals,Istudylplans,landlresultsimanaged!andlimplemented!bylthe!
DSPl(seelabove)lwilllassurelthatlalilanalyseslwilllbelcarriedloutlwithlscientificallylcredibleland!
rigorouslinvestigativelmethodslandlaccepted!analyticalltechniques!!
!
Specificlanalyseslandlexperimentsldesigned!toladdresslkeylquestionslandthypothesesllistedlin!
Tables!331,132 land!3Blwilllbeldevelopedlin!iPhase!2loflthelCAMT!process!(see!Table!231).!
Becauselofltimelconstraints, linitialleffortslwillifocuslonithelanalysisloflexisting!ldatalsets!These!
investigationslwilllnotlinvolvelexperimentalldesignslinltheltraditionallsenselofliablorifield!datal
collection,lbutlwilllbeldesigned!and!implemented!accordingltolthelsamelrgorous!scientific!
principles.ll
|
Newlfieldland!lablexperimentslidentified!following!thelinitialldatalanalyseslwilllincludelexplicit!
experimentalldesigns!focusedlonladdressing!specificlhypotheseslorlpredictions.!Thismaylinclude!
large3caleladaptivelmanagementlexperimentsl!(i.e.lactiveladaptive!lmanagement)land!
associated!field!datalcollections,!monitoringland!studieslassociated!with!nornexperimentall
(passive)ladaptivelmanagement,landlsmaller¥calelfieldlandliaboratory!studies.!
!
Tolthelextentlfeasible, ICAMTlwilllworklwithlexistinglongoinglscienceleffortsltolleverage!
opportunitiesiforlcollectionlandluseloflanylnew!data.IThe!lCAMT!Imaylalsolreview!andlconsider!
ongoingldatalcollectionland!monitoringlprogramsltolassessithelneed!forlpossiblelrefinements!
thatlcouldlimprovelthelapplicabilitylofitheldatalforlevaluatinglthelkeylquestionslandlhypotheses!
articulated!by!CAMT!
!
Finally,!thislworkplan!reflectslalgood¥aithleffortlonlthelpartloflthelCAMT!tolresponditolthe!
urgencyloflitsimission,!recognizing!thatlresourcesconstraints,Ichanging!circumstances,lor!
unexpectedleventsicouldlimpactiproposed!schedules.!Forlexample,ltheltimelylavailabilitylof!
third3partylinvestigatorsthasinot!lbeenlconfirmed;landluncontrollablelcircumstances,!suchlaslthe!
drought,!maylimposelnewl!prioritieslthat!maylimpactischedules.!
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Review!
monitoring!
methods¥for!
deltalsmelt!

Areltherelbiaseslinthe!
IEP!survey!data?!!
How!shouldlthe!
surveyldatalbelutilized!
if biases!dolexist?!

Table&(1&AMTEallButflowvorkplan&

NA!

Investigateland !clarify!
characteristics'oflexisting!
monitoring!datalsets,!
including!potential!
weaknesseslinlspatial!
coveragelandlother!ldetails!
oflstudy!design.!
Clarificationloflweaknesses!
willlhelplensure'lthat!
analyseslbasedlon'these!
datasetslarelappropriately!
qualified.!Could'allow for!
corrections!(or!
adjustments)to'more!
accurately'represent!
underlyinglvariables.!
Findings!may!suggestthat!
resultsloflprevious!studies!
shouldbe'reviewed.!
Findings'mayalsolallow!for!
improvementslinfuture!
datalcollection.!!

Convenelalworkshoplto!
discuss!possiblelsurvey!
problemslandidentify!
opportunitiesttoladdress!
inl2014with lexisting!
data.!!
Considerlongoing'work!
andlapproaches!of!
EmiliolLaca.Manylof!
theselissues'havebeen!
proposed by'Fwsholbe!
addressedthrough'a!
package loflgear!
efficiencyland!smelt!
distribution studies!(see!
Section!s);'however,!
that!packagelincludes!
extensive fieldwork,!
and!somelelements!
havelttimelines!
extending'beyondkthe!
remand!period.!

I

I

I

Discuss!at!IEP!
Resident fishes!
PWT!meetinglon!
Feb!20,!2014!

|

Workshop!
(discuss!E.!Laca!!
study!plan)!!
Aprill2014!

|

Finalize!study!
plant-!May!'2014!
|

Gearlefficiency!
study!
discussions!!
Junel2014!

!

Draftreport!
Sept!2014!

!
IEP!Presentation!!

Feb!2015!
!
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Investigate'
importancelof!
falllperiodfor!

Under!what!
circumstances!does!
survivallin'thefall!

Survivallofdelta!
smelt!during'the!
falllvaries!

Neededtolestablish!
whetherlsurvivorship!
through'the falllis!

Quantitatively!
determine!the!
contribution lofldelta!

Scoping'group'
tolevaluate!
availablellife!

deltalsmelt.! affect!subsequent! significantlyfrom! | importantlinlinfluencing! smeltlsurvivorshiplinkthel| cycle!models!

winterlabundance?! year'tolyearlandlis! | year"to"yearlchangeslin! falltolinter"annual! July2014!

! importantlin! deltalsmeltlabundance.! populationvariability.! Study!plan!!

! explainingkhe! ! Reviewlavailable! Dec!2014.!

! annuallchangeslin! | Survivorshipthrough'the! lifecycle!modelsfor! !

! abundance. & falllislone lvital'rate that! applicability.!! Draftreport!

! maybelimportant.! ! April!2015!

Investigate! Under'what! IAlsignificant! Thislelementlre"examines! | Investigate'the! Study!plan!
effectslofffall! circumstances!do! correlationlexists! analyseslpresentedlintthe! | relationshipbetween! development!
outflowlonldelta!| environmental! between'the! 2008!BiOp. New!work! fallloutflow'and!the! June'2014!
smelt.! conditionslinthelfall! | survivallofldelta! wouldlinclude!review lof! relativelchangelinldelta! | !

seasonlcontributelto! | smeltifrom! newlinformationlaslit! smelt'abundancelusing! | Draftlreport!

determining'the!
subsequent!
abundancelofldelta!
smelt?!

summerhtolwinter!
inlalyearland!
habitatlconditions!
intthefall.&

!

I

appliesttotheloriginal!
analyses,land!complement!
orlchallengelexisting!
analysesholevaluatelthe!
relationship between!
outflow'throughthe!Delta!
and!demographiclresponse!
inldeltalsmelt.!

univariateland!
multivariate!
andlavailablehistoric!
data.!Relatedto'work!
undertaken'in'theMAST!
report, 'whichlexamined!
pairslofldrylandwet!
yearslin!2005/6'and!
2010/11.!
Alsolexploreleffects!
occurring'throughlother!
avenuesl(e.g.'growthlor!
fecundity).!

Nov!2014!
|
|
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4.

Examinelproject!
impactslon fall!
outflow.!!

How !muchvariability!
in'tidal, 'daily,'weekly,!
and!monthly!
fluctuationslinfallx2!
islattributableto!
waterlproject!
operations?&

I

I

Changesloverltime!
in'theldistribution!
andlextentlof!
habitat, las!
represented!bylthe!
distribution'and!
extentloftthellow"
salinity!zonel(or!
the!positionloftthe!
X2lisohaline)!
duringthefalllis!
attributableto!
waterlexport!
projectloperations.&
I
I

Thelintentlisto'refinelour!
understandingloflhow!
projectloperations'are!
influencingloutflow!
volumes.!!

Hydrological!modeling!
toolsltoldeterminelthe!
prospective locationslof!
X2lintheXalllunder!
circumstances!withland!
without!project!
operations.!Anlanalysis!
oftistoricalldatawill!
alsolbelcarriedlout!to!
examine loutflow!during!
periods'when'the!
projectsiwerelrequired!
to!meet!specificloutflow!
requirements, 'to!
evaluateltheldegreelof!
controlthat'has!been!
possiblelativarious!time!
scales.!Seelwork!
addressing'thislissueby:!!
Grossinger,!Hutton, !!
and'alpaper'by!Cloern!&!
Jasshy!2012!

Relevant!IEP!
presentation lby!
Paul'Hutton,!
MWDIFeb 26!
2014!
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po

Secondary®riorities!

5. Investigate!
importanceof!
summer'period!!
for!Delta!Smelt!!

Under!what!
circumstanceslis!
survivallofDelta!Smelt!
through'the fall!
relatedtolsurvivallor!
growthlrateslin!
previousllifelstages?!

SurvivallofDelta!
Smeltlthrough'the!
falllis'relatedto!
survivallor!growth!
rateslinlprevious!
lifelstages.!

Thiskopic!lcomplements!
someloflthelinvestigations!
inthe!FOAMP. By!
establishing'whether!
survivallor'growthrates!
throughlanylifelstage!(or!
season)lare!dependentlon!
the!statuslor!condition lof!
Delta!Smeltlentering'that!
life!lstage, 'the lpotential!
existstolidentify!
environmentalfactors!in!
precedinglseasons'that!
influencelsurvival!lduring!
thelfall.!

ComparelDeltal!Smelt!
survivallduringlthefall!
to!bothlsurvivallin!prior!
seasonslandto!fork!
lengthlatthelendlof'lthe!
summer/startloftthelfall.!
New!datalislbeing!
collected'as!partlof!
FOAMP.!Consider!IBM!
modeling.!

Draft!study!plan!
—l0ct!2014!

!

Analysis!of!
existing!datal!
mid!2015!
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relationship!
between fall!
outflow'and!
habitat!
attributes.!

Investigatethe!

Doesloutflow!during!
thekalllhave!
significantleffectslon!
habitatlattributes'that!
may limit'thelsurvival!
and!growth lof!Delta!
Smelt!during!the fall?!

Alsignificant!
relationship lexists!
between'the!
survivallof!Delta!
Smelt'from!
summerltolwinter!
withinlalyearland!
habitat!conditions!
experienced by!
Delta!Smelt!during!
thelinterveninglfall.!

Thislelement!re"examines!
analyseslpresentedlintthe!
2008 BiOp.!New!work!
wouldlincludereview!of!
new linformationlas!it!
appliestoltheloriginal!
analyses,land!complement!
orlchallenge'the lexisting!
work!by!developinghew!
analysesholevaluatelthe!
strengthloflevidencefor!
mechanisms!under!which!
outflow!maylinfluence!
Delta!smeltlsurvivorship!
growthrates!duringlthe!

fall.!
!

There!lmaylbe!
competinglapproaches!
that!willlbe!
simultaneously'pursued.!
Onelisholdevelop!
graphs'and!conduct!
univariateland!
multivariatelanalyses!
involvinglsurvivallratios!
and!growth'rates.Test!
whether!month"to"
month!declineslin!
abundancelor!growth!
duringkhelfalllislgreater!
when!X2lisllocated!
furtherleast.!
Seelalso'thelanalytical!
approachlin!MAST!
report, 'workby!
Kimmerer,'Burnham &!
Manly.!

Work!may'begin!
in!2014as!
resourceslallow!!
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7. Develop'alhew!

habitatlindexfor!
Delta!Smelt!!

Can'anlindex!based!on!

multiple'habitat!
attributeslprovide!la!
better!surrogate for!
Delta!Smelthabitat!
thanlone'basedlonly!
onlsalinityland!

Theldistribution!
andlareallextentlof!
thellow"salinity!
zone!(orlhe!
positionloflthe X2!
isohaline)lin'the!
estuarylin'the!

Anlupdated'habitatlindex!
mayprovidelalusefultool!
to!mangers'tolidentify!
areas'forlrestoration'and!
improved!management!

actions.!
I

Reviewlapproacheslin!
existinglliterature.!There!
may!belcompeting!
approaches'thatwilllbe!
simultaneously!pursued,!
dependinglonlexpert!
advice.!Onelpossible!

Work!may'begin!
in!2014as!
resourceslallow!

offalllproject!
operationslon!
Delta!Smelt!

conditions!(e.g.,!
distributionlof'the!
population, !prey!
density,!
contaminants)!dofall!
operations’have!
significantleffectslon!
survival?!

challenges!previous!
studies.Important!for!
identifying!thelimpact!of!
projectloperationslonkthe!
successlof!DeltalSmelt!
duringthelfall. !

identifiedlinthelabove!
studies,simulatehow!
changeslin!project!
operations!may!
influencesurvivallof!
Delta'Smelt!duringlthe!
fall.!

turbidity?!ll autumnlis! Earlierlanalyseslusedlonly! | approachlislto!develop!

! significantly! abioticlfactors'toldefine! suitabilitylindex!curves!

! correlated!withthe!| habitat.!Additional! and!combine!
distributionland! information'since!2008,! geometricallyttolcreate!
extentloflhabitat! couldallowfor! a'habitat!qualitylindex.!
availableko! developmentloflalbetter! Utilize!datalfromlareas!
support!Delta! habitatlindex'based'on! where!DeltalSmeltlare!
Smelt.! additional'potentially! frequentlylobserved !to!
! importantlhabitat! assesslhabitat!quality.!
! variables.! Seelwork!by!'Burnham!

Manly,'and!Guay.!
8. Identifylimpacts! | Under!what! ! Complements'and/or! Utilizing'relationships! Work!maybegin!

in'2014'as!
resourceslallow!
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1. Assess!factors!
affectingladult!
DeltalSmelt!
entrainment!

ilIGIH
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What!factorslaffectladultbelta!
Smeltlentrainment!duringland!
afterlwinter!movementsto!
spawninglareas?!(4)!

a. Howlshouldwinter!first!
flush”lbe!definedfor'the!
purposesloflidentifying!
entrainmentriskland!
managing!takelofDelta!
Smeltlatthelsouth!Delta!
facilities?!

b. What'habitat!conditions!
(e.g.first¥flush,turbidity,!
water!source, food, time lof!
year)leadfoladult'Delta!
Smeltlenteringland!
occupyinglhelcentralland!
south!Delta?!

Thelprobabilitylof!
observingladultDelta!
Smeltlin'thelcentral!
and'south!Deltalis!
significantlyhigher!
following!'the first!
majorlincreaselin!
Deltalinflowl(e.g.!
>25,000!cfs), which!
contributes'tolrising!
turbidityllevelslinthe!
centrallandlsouth!
Delta.!

Summarization lof!
environmentalland fish!
distribution/abundance!data!
(e.g.FMWT, SKT).!
Multivariatelanalysesland!
modeling!(e.g.'3D!particle!
tracking)ltolexaminelwhether!
falllconditionslaffectwinter!
distribution.!
CompletionlofFirst!Flush IStudy!
analyses.!
The!Delta!Conditions!Team!
(DCT)lislcurrently!ldevelopingla!
scopeloflworktoluse turbidity!
modelingltolexaminelvarious!
“firstflush” lconditions, lexpected!
entrainmentlrisks, land!potential!
preventative lactions'that!could!
beltakenkolreducelentrainment,!
consistent!with key!question!(a).!
The!DCT!couldlalsolconduct!
analyses'toladdress'key!question!
(b).!

I

Detailed'workplanfor!
keylquestion!(b)!!
Aprill2014!

I
Initial'reportlonl(a)'for!
OCAPreview!panel!!
Sept!2014!

I

Independentlreview for!
key!question!(a)!Nov!
2014!

!

I

UL

'Worklelement!#1from the FalllOutflow!Workplanlis lalsolconsidered!a thighlpriority'worklelement/forithe IOMR/Entrainment topiclarea.!
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2. Assesslpopulation!
effects!!

!

!

Whatlareltheleffects!of!
entrainmentlon'the!population?!
(6)&

a. Whatlistthe!lmagnitudel(e.g.!
% lofpopulation)'ofladult!
andllarvallentrainment!
across!differentlyearsland!
environmentallconditions?!

b. How!doMdifferentllevels!of!
entrainment!forladultsland!
larvaelaffect!population!
dynamics, labundance, land!
viability?!

Delta!sSmeltlare!
entrained'at!Project!
facilitieslatlevels'that!
arellikely'tolaffectlthe!
long"term'abundance!
ofithe!Delta!Smelt!
population.!

2.a.!Application lof!different!
models!(e.g.IBM, llife lhistory)o!
estimate!proportional!
entrainment.!
Aldirectlapproach%toladdressing!
6a'has!been!proposed'by!
Kimmerer!2008'as!modified!in!
2011.'Thislor'alderivative!
approach!should!belexploredlas!
almeans'to!directlylestimatelthe!
proportionallentrainment'that!
hasloccurred'inrecentlyears.!
Applytolas!muchlofthistorical!
recordlas!possible.!

I

2.b.'Application!ofdifferent!
models!(e.g.!IBM, llife‘history, !
PVA)tolsimulateleffectslon!
population!dynamics,!
abundance, 'and variability.!

I

Detailed'workplan'for!
directlapproach!
Aprill2014!

I

Product!(basedlon!
direct!approach)¥for!
submissionto!Long"
term!Ops!Opinion!
panel!

Sept!2014!

I

Independent!review!
(Long"term!Ops!
Opinionlpanel)!
Nov!2014!

I

Finallpeerlreviewed!
productforlLife!Cycle!
Modellapproach!
June!2015!
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Developlalbetter!
estimatelofladult!
Delta!Smelt!
entrainment!

How!manyladult!DeltalSmeltlare!
entrained!by'the!water!projects?!
(1d)&

!

NA!

Workshop brlexpert!panel!
review.!
Testingloflnew!field!
methodologies!suchlas!
SmeltCAM.!
Gearlefficiency'andlexpanded!
trawlinglexperiments.!
Evaluationloflalternative!models!
tolestimate'abundance,!
distributionland'entrainment.!

Work!may'beginlin
2014lasresources!
allow!!

. Developlabetter!

estimateloflpost"
larval!Delta!Smelt!
entrainment!

How!manyllarvalland!post"larval!
Delta!sSmeltlarelentrained by lthe!
water!projects?!!(2d)!

NA!

Expertlpanelloriworkshop!
review.!

Testinglofnewfield!
methodologies!suchlas!
SmeltCAM.!
Gearlefficiencyland'expanded!
trawlinglexperimentsl(e.g.!20!
mm).!
Evaluationloflalternative!models!
tolestimate'abundance,!
distributionlandlentrainment.!

Work!maylbeginlin!
2014lasresources!
allow!
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Secondary®riorities!

Evaluate!
conditions'that!
affect'adult!
movement!prior!
tolspawning!

What!conditions!prior!to!
movement!olspawninglareas!
affectladultDelta'Smelt!
entrainment?(3)&

I

Istthere'alrelationship!
between Delta!Smelt!
distribution'and habitat!
conditions!(e.g. turbidity, X2,!
temperature, food)duringfall!
and!subsequentdistribution!
(andlassociatedlentrainment!
risk)linlwinter? !

AdultDelta!Smelt!
distribution'and!
abundancelinwinterlis!
influenced by'Delta!
Smelt!idistributionland!
abundancelin'thefall,!
as'welllas'habitat!
conditions!(e.g.!
turbidity, lsalinity,!
temperature, food!
availability), land!
hydraulics!(e.g.!
velocity, tidal flow!
splits) during!winter.!!

Summarizationloflenvironmental!
and ¥ish!distribution/abundance!
datal(e.g.IFMWT,!SKT).!
Multivariate'analyses'and'modeling
(e.g.!3Dparticle'tracking) to!
examine!whether!falllconditions!
affectwinter!distribution.!
CompletionlofFirst!Flush!Study!

analyses.!
I

Work!maylbeginlin!
2014las'resources!
allow!

6. Assesslfactors!
affectingllarval!
and!post'larval!
Delta!Smelt!
entrainment!

WhatWfactorslaffectllarvalland!

post'larval'Delta!Smelt!

entrainment?!(5)&

a.How!doesladult!lspawning!
distributionlaffect!larvalland!
post"larvallentrainment?!

b.What!conditions!(e.g. 'first!
flush,spawning!distribution,!
turbidity, 'water!source,!
food, timeloflyear)lleadto!
larvaeland!post"larvae!
occupying'thelcentralland!
south!Delta?!

LarvalDelta!Smelt!
distribution'and!
abundancelinlspringlis!
influenced byladult!
Delta!Smelt!
distributionland!
abundance, habitat!
conditionsle.g.!
turbidity, lsalinity,!
temperature, food!
availability), land!
hydraulics!(e.g.!
velocity, tidal flow!
splits).!

Summarizationloflenvironmental!
and ¥ish!distribution/abundance!
data.!
Statisticallanalysis!and'modeling!
(e.g.13DIPTM)lofleffectsladult!
distribution(e.g.!SKT)lonllarvall(e.g.!
20!mm)Mdistributions.!
Summarizationloflenvironmental!
and ¥ish!distribution/abundance!
datal(e.g.!20!mm).!
Multivariatelanalyses/modeling'to!
identifylconditions!promoting!
occupancyloflcentralland!south!
Delta.!!

Work!maylbeginlin!
2014las'resources!
allow!
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7. Explore!
alternative!
management!
actions!

What!hewlinformation'would!
inform¥uturelconsideration lof!

managementlactionsltoloptimize!

waterlprojectloperations!while!

ensuringladequatelentrainment!

protection forDeltalsmelt?!(8)&

a. Can'habitatlconditions'be!

managed!duringfallorlearly!

winterto!preventlor!
mitigatelsignificant!
entrainmentlevents?!

b. Should'habitat!conditions!
(including!lOMR)lbe!more!
aggressively!managed!in!
some!circumstanceslas'a!
preventative!measure!
during'thelupstream!
movement!period!(e.g.!
followingfirst flush)to!
reducelsubsequent!
entrainment?!

NA!

Synthesisloflavailable!
informationland!study!results!
by!CAMT Entrainment!Team,!
designated lexpert!panel,lor!
both.!

Consultation!with regulatory!
agencieslandloperatorslabout!
thefeasibility lof ldifferent!
actions.!

Work!maybegin!in!
2014lasresources!
allow!!
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Synthesizelpublished!
reportslandlempirical!
datalon!waterlexport!
effectslandllinkto'the!
current!SDSRC!
conceptual'model;!
identify/document!
scientificlagreements!
and!disagreements!
regardingltheleffects!
oflsouth!Deltalwater!
operationslonljuvenile!
salmonid/survivallin!
the!Delta.!

Table3(3&AMTEouth®eltaBalmonidSurvival8vorkplan&

Whatlarelkey!
uncertainties, !
agreements, land!
disagreementslin'the!
understandinglof!direct!
andlindirectleffects!of!
south!Deltalwater!
operationslon'salmonid!
survivallasllinkedo'the!
SDSRClconceptual'model?!
Whatlarelthelareas/issues!
oflscientificlagreements!
and!disagreements'hat!
contributeltolthe!
controversyloverlthe!
effectsloflproject!
operationslonlsalmonid!
survival?!
Can'thelpopulationllevel!
effectsloflalsingle!
managementlaction !be!
evaluated?!Iflso, 'what!

toolslarelavailable?!
I

Unfinished'business!of'the!

SDSRClin'2013;lidentifiedlas'a!

priority!for!2014lin'the2013!
Progress!Report.!Potential!
opportunitytolconsidertthe!
PWAlandlotherlinterests’!
questions, tasks, land!
hypotheseslyetltolbe!
considered'by!CAMT.!

Convenelalseries!of!
workinglsessions'to!
review!landpotentially!
refinelthelcurrent!SDSRC!
conceptuallmodel;!
identify,!screenland!
document!published!
reportslandlempirical!
data,lasllinkedtolthe!
conceptual'model.!
Identifykeylinformation!
gaps.lidentify key!
scientificlagreementsland!
disagreements. IReview!
PWAquestionsland!
hypotheses'in'this!
context,'and!develop'a!
collaboratively!produced!
report.!

IStatuslupdateslin!April,!
June,land!Augustlof!
2014!

I"IDraft'report!
September!2014!
"IFinallreport!November!
20141
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Briefinglabout!SWFSC!
winter"runlsalmonid!
lifelcycle!modelILCM).

Whatlistthe'general’
structureloflthe!model!
and!whatlarelkey!
assumptions, key!
uncertainties,'and!
evaluation!metricslused!
tolassess'biological!
responsesholalternative!
exportloperations,!
changeslin'riverflows,!
DCClgateloperations,!
habitat!capacity, land!
otherlactionslonlsalmon!
survivallandlabundance?!!
How!willthe!model'be!
validated?!!'Willlthe!model!
belavailablefor!
independent!peerlreview!
and!simulations?!!

In‘orderttolensure!
developmentloflalwidely!
accepted!LCM, lits!
developmentlshould'be!
transparentland!shared'with!
interested!parties.!!

A'briefing'needsto’be!
heldlon'thelstatusloflthe!
SWFSClsalmonid!LCM'and!
itslspecificlcomponents!
withlinterestedland!
knowledgeable!parties.!!

interested!parties!by!
Aprill2014!

3.

Datalsynthesis'and!
meta"analysis/

Canlsynthesislof!data!
from!previous!Delta!
salmonid!tagging!studies!
be!lcombined!and!
analyzed'toladdress'lkey!
questions/!uncertainties!
aboutlheldirectland!
indirectlecological leffects!
oflexportslon'salmonid!

Therelare numerous!salmonid!
tagging!studies!conducted!in!
the!Deltalover'thelpast!several!
decadeslthat,'when!
consideredtogether,!can!
potentiallyladdresskey!
uncertaintieslaboutfactors!
affecting!migrational'behavior!
and!survivallofljuvenile!

Pendingreview'and!
agreementlon'alproposal:!
1)lestablish lalworking!
grouptolplan'andloversee!
thelstrategy forlidentifi"
cationland'meta“analysis!
oflexisting!data;12)!
identifylinitiallquestions!
toladdressland!relevant!

"ISDSRCwillreviseland!
agreelonlalwritten!
proposal'by!April'2014;!
"IProgress'report!March!
2015;lanticipatedtto!
continuelin!2015; draft!
reportlby!'November!
2015;!manuscript for!
publication!completed!
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survivalr:s

atalsets;!land!3)lconduct!

preliminarylanalyses.!
I

yJunei2016!

Pendinglresultsloftthe!
gaplanalysislandlinitial!
datalsynthesislefforts!
(Elements!1'and!3);!
investigatelalternative!
metric(s)!for!
managementloflsouth!
Deltalwater!
operations.!

Areltherelalternativelor!
additional!'metricsl(e.g.,!
OMR ¥lows, lexport!
volumes,!monthlylexport!
limits, letc.)that!canlbe!
usedfto!managelsouth!
Delta'waterloperations,!
andlimprovelsurvivallof!
migrating!salmonidslin!
thelsouth!Delta?!

SDSRC!participants!discussed!
metricslinladditionto,lor!
other'than,inflow:exportlratio!
that!may'belrelevantho!
managelsouth!Deltalwater!
operations'tolimprove!
salmonidlsurvival.!

Convenelalworkinglgroup!
tolsynthesizelandlevaluate!
existing!datatolidentify!
potential!metricsland!
evaluatektheirlbenefits!
andllimitations.!

"Istatus!checklinllune!
2014!
"IProgresslreport!
November!2014!

Re"charterlthe!SDSRC!

Shouldkthe!SDSRCbelre"
charteredtolreportholthe!
CAMT?!

Modifylthelcharterho!
requirelthe!SDSRCho!
periodically'report!
progresslto'the \CAMT.!
SDSRC!willlcontinuetoluse!
existinglfacilitator.!!

I

I
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Pendingloutcomesof!
Elements!1,!3,'and!4,!
investigatetoolsho!
evaluatethelefficacy!
oflexport!management!
actions.?

To!whatlextentlandunder!
what!conditions!do'the!
export!management!
actions'reduce!'mortality!
of!migratinglsalmonids?!!

Summarize toolslavailable!
orlin!development!that!
canlbelused'tolevaluate!
thelefficacyloflexport!
managementhctions.!!

Pendingloutcomes!of!
other'workplan!
elements, status!check!

in'November!2014!
|

After'briefinglon!
SWEFSCILCM,!
assessmentloflother!
potential'modeling!
needs.!Pending!
outcomeslof!Flements!
1"4lidentifyland!
evaluatelindirect!
ecologicalleffectslof!
projectloperations!
thatlaffectlthelsurvival!
ofllisted'salmonids./

Areltherelquestions!
important!to!CAMT!that!
cannotlbelansweredlusing!
thelSWFsCILCM?!
Areltherelelements!of!
other!salmon!modelskhat!
would!belbeneficialto!
incorporatelorllinktolthe!
winter'run!modell(e.g.,!
10S,'DPM, IOBAN, !
SALMOD, Bureaulegg!
mortality!model, !CALSIM,!
DSM2,letc.)?!
Areltherelalternative!
managementlactions'that!
canladdress!water!project!
effectslonllisted!
salmonids?!

I

I

CAMT lislcontinuing'to!discuss!
thelscopeloflmanagement!
actionshthat!should!be!
evaluatedwithinthe!CAMT!
scope.!Future!discussions!
shouldlinclude:!!
What!managementlactions!
have'thelgreatestlinfluencelon!
survivalloflsalmonids!
migratinglin'thelsouth!Delta?!
Whatlwater'management!
actions!mightlbekakento!
improvelsalmon lsurvival?!
Whatlis!the!relative!
effectivenessloflcurrentland!
potentiallalternative!
managementlactionslin!
improvinglsalmon!survival?!

Pendinglacquisition'of!
newlresources,!convenela!
workinglgroup'tolevaluate!
the!potential'forlexisting!
modelslornewhoolsho!
inform!the!consultation!
onlprojectloperations!
including:!
1)'Reviewavailable!
information(including!
literature,!data,'and!
models)tolidentify!
controllablefactors,!
linked tolproject!
operations, with lgreatest!
influencelonlsurvival;12)!
Identifylactionswhich!
mightlbeltaken lto!
improvelsurvival;!3)!
Evaluatelactions!and!
reportlrelative!

Status!Updatelin!
September!2014!
Pendingloutcomes!of!
Elements!1"4,'complete!
preliminarylanalysisland!
write"up'by!November!
2014.!

I
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contributiontolsurvival.!

from!6"year!steelhead!
study(OCAP!BiOp!RPA!
VI.2.2)!

modificationsloflthel6
yearlsteelhead!studythat!
willlenhance!the!
understandingloftthe!
effectloflinflow/export!
conditions'onlsouth!Delta!
survivalloflsteelhead?!

intendedolestimate!
steelheadsurvivalloverla!
rangeloflambient!
inflow:export!conditions.!
Recentlanalysis'of!conditions!
tested!during'thefirstlthree!
yearslidentified!several!
conditionsthat'havehotbeen!
testedlorlare!
underrepresentedlamonglthe!
conditions'tested'to!date.!A!
greaterlrangeloflconditions!
willlalsolenhancellearninglin!

8. Definelanlexpanded! Whatlarelthelindirect! The!SDSRCworkedwithin'a! Conductlalworking!session!| Revised!scopelby!March!
scopelforlthe!SDSRCo! | ecologicalleffects!oflwater!| narrow!scope focusinglon! oftthe!SDSRCholagreelon! | 2014!
includelindirect! export;landlarelthere! directlexportleffectslon! aldetailed!description!of!
ecologicalleffectslof! managementlactionsto! | hydrodynamics'and!direct! anlexpanded!scope;llink!
south!Deltalwater! minimizelindirect!project! | behavioralland!survivalleffects!| tokhelcurrent!SDSRC!
operations/ effectskhatlinfluence! oflalteredhydrodynamics.! conceptual'model.!
salmonidlsurvival?!! Broadening'thelscope'to!
includinglindirectleffects!(e.g.,!
predationleffects)!could!
potentiallylinformlapproaches!
to!minimize'south!Delta!
projectloperation leffectslon!
salmonidlsurvival.!
9. Enhanced!learning! Areltherelexperimental! Thel6'yearlsteelhead!studylis! | Identifylopportunitiesland! | Givenlevolving!drought,!

develop!plansholenhance!
learningfromkhel6"year!
steelhead!survivallstudy!
(RPANIV.2.2)lbyltesting!
untested'or!
underrepresented !l:Es,!
testing!lcombinations'of!
verylhighlandlveryllow!
Sanloaquin'inflowsland!
very'highlandlveryllow!
exportllevels;landltesting!
similarll:Eslat!different!
dischargelvolumesl(e.g.,!

it'may'belchallengingho!
manipulateloperations!
in'AprillandMay lof!
2014.!
"lldentifyloptions,!
developlimplementation!
plans,land!prepare!
requestforlprescribed!
conditions!nollater'than!
Junel2014;!
implementation!in!2015!
orllaterldependinglon!
environmental!
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ongoing!USFWSHall"run!
Chinook!survivallstudies.!

1:1'at!1,500cfs/1,500cfs;!
6,000cfs/6,000cfs. !Any!
newlexperimental!
components!willlincludela!
clearlstatementlof!
objective,lapproach,land!
statisticallanalysis!plan.!

conditions;Istudy!plan,!
including!proposed!
operations,would'be!
developedfforlreview!no!
laterthan!March!15.!

10. Salmonid!near"field!
movement!under!
selectedlexportland!
tidallconditions./

Doesltidalforcinglin!
combination'withlexport!
volumeslaffect!
migrational'behaviorland!
survivallof!migrating!
south Deltal'salmonids?!

The!l2012!IRPrecommended!
investigating!thelcombined!
influenceloflexportlandtidal!
forcinglon'salmonid!
migrational'behaviorland!
survival.!Basedlon'alconcept!
proposalldevelopedlin'the!
SDSRC!in!2013, khis!study!was!
identified¥orfurther!
development.!

Convenelalworking!group!
toldevelop'aldetailed!
proposallsuitablefor!peer!
review; lincluding!
objectives,lexperimental!
approach,landlaldetailed!
statisticallanalysislplan.!
Arrange!forland!submit'to!
externallpeerlreview.!
Review!resultslof!
Enhanced!PTMYoollin!
development!by!SWFSC.!
Alprerequisite forthis!

"IProposalland!peer!
review by!November!
2014;M

"IReviewlof Enhanced!
PTM'tool'when!
available; !
"lImplementation lof!
Near"Field'Movement!
study!dependentlon!
availabilitylofla!
predation"sensitive!
acousticltag!(probably!
2015)!
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elementlislcompleting'the!
testinglandvalidation!of!
theltechnology'to!
distinguishlalfree!
swimming'agged!
salmonidfromlonelkhat!
has!beenlpreyed!upon.!!

11. Pending!gaplanalysis,!
investigate'hatchery"
and!naturalorigin!
salmonid!surrogacy./

Arelresultslofttestslusing!
hatchery"reared!
salmonids!representative!
oflresultslofnatural”origin!
salmonids?!!/Are'the!
resultslofltestslusinglone!
runlof!Chinook!salmon!
representativeloflresults!
oflotherlruns?!!Arethe!
resultsloftestslusing!
Chinook!salmon!
representative lof!
steelhead?!Ifnot, linleach!
caselcanlalcorrection!
factorbeldevelopedito!
allow!forlapplication!of!
suchltest!results?

Thelquestion lof'whether!
resultslofitests!conducted!
using'hatchery"reared!
salmonids'arerepresentative!
oflresults'relevanttohatural”
originlsalmonslis'akey!
uncertainty!routinely!
identifiedlin!most!survival!
studies.!

Convenelalworkinglgroup!
tolreviewlandlsynthesize!
existinglinformation lon!
hatchery"land natural”
originlsurrogacy; lif!
warranted,!developla!
conceptlproposaltto!
investigatelsurrogacy.!

SWFSClstudy!planned!
forlspring!2014!may!
providelinformation!
relevantholwild lvs.!

hatcherylsurrogacy.!
!




DevelopmentfofExperimentafDesigns®
Specificlexperiments!designed!toladdresslkeylquestionslandthypothesesllistedliniTables!3"1,13"2,!
and!3"3labovelwilllbeldeveloped!inlPhasel2loflthelCAMT!process!(see!Table!2'1).linitiallefforts!
willlfocuslonlthelanalysisloflexistingldatalsets.ITheselinvestigations!willinotlinvolvelexperimentall
designslinltheltraditionallsenselofllablorlfield!datalcollection, butlwilllincludelclearlyldefined!
methodslandlacceptedlanalyticalltechniques,land!willlincludelreviewlandlexaminationloflthe!
existingldatalsetsland!how!thoseldatalwerelobtained.|Anylnew!fieldlexperimentslidentified!
followinglthel!datalanalyseslwilllincludelexplicitlexperimentalldesigns!focusedlonladdressing!
specificlhypotheseslorlpredictions.ITheseldesigns!willlbelconsistentlwith!thelscientificlprocess!
includinglthelfollowinglelements:!

!

Well'statedlobjectives!

Alclearlconceptuallorimathematicallmodell
Algoodlexperimentalldesigniwithlstandardized!methods!forldatalcollection
Statisticallrigorland!sound!logiclforlanalysislandlinterpretation
Clear!ldocumentationlofimethods,!results,land!conclusions.!

8 8 8 8 8

!

Tolthelextentlfeasible, ICAMTlwilllworklwithlexistinglongoinglscienceleffortsltolleverage!
opportunitiesiforlcollectionlandluseloflanylnew!data.!IThe!lCAMTImaylalsolreview!andlconsider!
ongoingldatalcollectionland!monitoringlprogramsltolassessithelneed!forlpossiblelrefinements!
thatlcouldlimprovelthelapplicabilitylofitheldatalforlevaluatinglthelkeylquestionsland!hypotheses!
articulated!by!CAMT.!

!

ThelSDSRClhaslalreadylinitiatedldiscussionslregardinglconceptualldesigns!forlthelresearch!
proposalslitlhaslsuggested.!Thislworklincluded!alpowerlanalysisitolassesslsamplelsizesland!other!
factorslthatlwould!belnecessaryltoldetect!statistically!significant!differenceslinljuvenilelsurvivall
underlvariouslenvironmentallconditions.|The!SDSRC!haslalsolexamined!thelongoing!6'year!
Steelhead!studyl(nowlenteringlitsifourthlyear)ltolassesslpossibleladjustmentslinlthe!
experimentalldesign!thatlcouldlenhancelthelvalueloflthelstudy!

!
Similarly,!thelongoing!FLaSH!studies!beingladministered!by!iEPland!the!FalllOutflow!AMPlinvolve!
specificlexperiments!designed!tolassesslenvironmentallconditionslandlecologicallresponseslto!

thoselconditions,lincludingltheltestinglofispecificlpredictionslarticulatedlinlthe|AMP!
!
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4.0"Background*on*CAMT*Priority*Topic*Areas*

Thelfollowing!provides!backgroundlinformationlonleachloflthelthreelpriorityltopiclareas,!
including!problem!statements,lkeylquestions,landlrelevanticonceptuallmodelslidentified!
throughlthe!CAMT!processltoldate.linformationlprovided!linltheltableslbelowlrepresentsldraft!
conceptsldeveloped!byleachlrespectiveltechnicallsubgroup!(Fall!Outflow,|OMR/Entrainment,!
and!South!DeltalSalmonid!Survival).IThelinformationlinltheltableslbelowlisinotlalplanloflwork !
Rather,litlisilmeantltolbelused!aslalresourceltolinform!developmentlofithe!lCAMTIworkplan!l

4.1* FalFOutflow™

Thel2008!BiologicallOpinioniforiDeltalSmeltlcontainslalReasonableland!Prudent!Alternativel
(RPA,lActionld)lintendedltolimprovelfalilhabitatifor!DeltalSmelt.IThelaction!specificallylseeks!to!
maintainithelpositionlofiX2linlthelfalllat!7kmleastlofithelGolden!Gate!Bridgelinlwetlyears,land!
at!81lkmleastlinlabovelnormallyears.!!

FalfOutflow*Problem™tatement®
Questionslhavelbeenlraised!bylsomelaboutlthelbiologicalleffectivenessloflthe RPAlthatlstem!
fromldisagreementslabout!thelscientificlbasis!forlthelfallloutflowlaction.|Theseldisagreements!
concernlthelfactorslthatimayllimitlthelextentland!qualityloflhabitat!for!DeltalSmeltlinlthelfall,!
thelextentltolwhichlfalllhabitatlislallimiting!factorlon!thelsurvivallandlreproduction!ofithe!
population,ltheluselofiX2laslalsurrogatelindicatoriforiDeltalSmeltthabitat,landlthelcostsland!
benefitslofldifferentlapproachesitolrestore!DeltalSmeltlhabitat.lQuestionsthavelalsolbeenlraised!
inlCAMT!discussionslregardinglthelsampling!methodslused!tolcollectltheldatalthatlarelusedlto!
calculatelabundancelindicesl!(i.e.!doltheylaccuratelylreflectlthelsizeland!distributionloflthe!
population).!Anlupdatedland!imorelcompletelundestandingloflthethabitatlrequirementslofiDelta!l
SmeltImightlhelplclarifylunderlwhatlcircumstancelprojectloperations!mayladverselylimpact!
habitatlinlthelfall,land!subsequently,lwhatlhabitat!imodificationdwould!benefitIDeltalSmelt!
annuallyearlclassisuccess.Thislimprovedlunderstanding!maylalsolallow!moreleffectiveluselof!
projectlwaterlsuppliesitolprotectDeltalSmelt*

!
AlFallloutflow!Adaptive!Management!Plan!{FOAMP,|Reclamation!2011,12012)lwas!developed!to!
resolvelsomelofltheluncertaintiesland!questionsiregarding!the!RPA, lbutlnotlalllCAMT!parties!
havelbeenlengaged!toldatelinithe!lFOAMP.IThe!lFOAMP!developedlalset!oficonceptuallmodels!
andlalsuiteloflstudieslaboutlthelimportancelof!“falllow!salinity!habitat”!{(FLaSH)!farlDeltalSmelt.!
Aslanlongoingladaptivelmanagement!project,!thelFOAMPlwilllbelinformed!bylthelresultslofithe!
FLaSH!studies,!thelCAMTlefforts,landlotherlinput.!Additionallinformationlon!thelFOAMPland!
ongoinglinvestigationslislprovided!inlSection!5loflthisireport.!

FalPFOutflowKeyQuestionsfand*Hypotheses®
Tablesl4"1land!4"2lbelowllistlkeylquestionsland!draftlhypothesesldeveloped!bylaltechnicall
subgrouplforluselaslalresourcelinframing!specificlsciencelinvestigationsiforlthe!l CAMTIworkplan.!
Tableld"1llistslquestionslrelated!tolDeltalSmeltlhabitatlandlrecruitment,lwhile!lTablel4"2llistslkey!
guestionslrelatedltolidentifyingland!managingl!risksitoDeltalSmelt.IThelkeylquestionslpresented!
inlTablesl4"1land!l4"2lreflectlthelrecommendationslofltheltechnicallsubgrouplandlhavelnotlbeen!
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modified!by!CAMTICAMT!mayl!refineltheselquestions!forlthelpurposeslofldevelopinglits!
workplan!{seelSection!3),landlexpectslthat!furtherlrefinementsltolthelquestionslandldraft!
hypotheseslwilllbelmadelinlthe!processlofldevelopingldetailed!study!plansiforlspecificlwork!
elements.lUltimately, litlislexpectedlthat!pursuinglanswersltolkeylquestionslwillllead!tolthe!
resolutionlofldisagreementslaboutlthelrelativelimportancelofldriverslandimechanismdand!result!
inlmorelefficientluseloflresourcesland!greater!protection!forlthelspecies.!

!

Addressinglthelquestions!presented!in!Tables!4"1land!4"2lwilllrequirelevaluationloflavailable!
datalandlsomelcombinationloflongoingland!new!studies.!Severalloflthelhypotheseslpresentedlin!
theseltableslareladdressed!atlieastlinlpartlinlthelexisting!FalllOutflow!AdaptivelManagement!
Planl(AMP)land/orlinlthellEPIManagement,!Analysis,land!SynthesisiTeam!(MAST)lreport !!

Table*K1*

‘ ‘ Questions*

1. Underlwhatlcircumstances!dolthelhabitatlattributesllistedlinlthelconceptuallmodelllimit!

growthland!survivallofiDeltalSmeltlinlthelfall?ll

a. How,landlunderlwhatlcircumstances!dolhabitatlattributeskuchlasifood!availability,!
toxicity,lharmfullalgallblooms,!predation,lwaterltemperature, turbidity,land!sizeland!
locationlofithellowlsalinitylzonelinlthelfall, lcollectivelylorlindividually, laffect!growth!
and/orlsurvivallofiDeltalSmelt!duringlthelfali?!

b. Whatlarelthelmechanisticlecological)lrelationshipslunderlingleach!factor?!Underlwhat!
conditions!doesleachl!factorlact?!Dolthelexisting!descriptionsloflinterconnections!
betweenlenvironmentalldriverslactinglon!DeltalSmeltlinlthelavailablelconceptuall
modelslandltheirlexpectedleffectslonlecosystem!responseslwithinlandlamong!seasons!
need!tolbelrevised?!ll

c. Howlcanlexistingldatalsetslbelfurtherlanalyzed!tolbetterlexplainthowloutflow!affect!
DeltalSmeltlgrowth,!health,landlconditionlvariability!during!fall,lwinterland!spring?

d. Isltherelalneed!tolincludeladditionalthabitatlattributeslorenvironmentalldriverslfrom!
previouslseasonsland/orlfalllinlthelfalllconceptualimodel?lisltheltiminglandlintensity!of!
hydrologyl{separatelfromloutflow)lecologicallylimportant?

e. Underlwhatlsetloflcircumstances!dolenvironmentallconditionslinlthelfalllseason!
contributeltoldetermininglthelsubsequentlabundancelofiDeltalSmelt?!

f.  Which!habitatlattributesllimitithelabundancelor!growthlofleltalSmeltlinlthelsummer!
and/orlfall?lWhatlactionslcould!belimplemented!toladdressithosellimitinglattributes?!

g. Canlalbetterlhabitatlindex!beldeveloped?

Draft'Hypotheses*

(H1)&The&habitaiBattributeBof&foodRavailabilityBtoxicityharmfukalgaBbloomsgpredationfwvate&
temperatureBturbidity€andsize8and€locationfofiheflowssalinitgzoneSinfthalfallBcollective hBoi&
individuallyBhavelaBsignificanBeffecorfthefgrowth8and/o8survivaRofDeltcdBSmelBduring®the&
fall&

(Hla)&TheraRifBstatisticall&significan®elationshipBbetweenfabundancaandBtwdifactors&
abundancetirBthaBprevioustfalBan&previousfalBX2&
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(H2)&ThereBiLdBsignificanBcorrelationfbetweenfgrowthduring&heifalBand®subsequeni&
recruitment&

(H3)&ThaBvariabilitgirRgrowthBoRDeltdBS mel&duringiithe&falBthaRiBexplainedbyBabioti®variable &
iRlesftharfthaBexplainedb)Bbioti’variables&
(H4)&SurvivaBofDeltaBmel&during@ihé&falkvarieBsignificanth\&fromByeaBiaByeaBan Bi&:
importan®&infexplaining@theé8annuakchangesinrfabundance&
(H5)&SurvivaBofDelta®mel&hroughfth&falkifrelatedRiBsurvivaBinfpreviouBo&ubsequentlifei
stages&
(H6a)8L&significan®correlatiorBexistBbetweerStha¥survivaBofeltBSmel&fromBsummeBtdBwintei&
irfa8yeaBandBDeltBoutflonkinttheffall.l
(H6b)&L&significan®&correlatiorBexistBbetweerStha¥survivaBofoeltBSmelBfromBsummeBtdBwinte &
irfayeaBandBhabitaBconditionRirfthe8falll
(H7)8DeltdBoutflowkinSthe’falkhaLsignificanBeffectBonfhabitaBattributeffoun &t Bb&&limitings
(H8)&YearBwithRlowBsurvivaBduringthe&falBcanfbeBassociatedBwithslimiting8levelofhabita’
attributeffoundBtaBbeisignifican®infanalyseBassociate BwithBH1&
(H9)&TheStimingRandBintensityBofhydrology8(separatéfronBoutflow EduringBth&&falKi&
ecologicallBimportanBtaDeltaBSmeld(i.e8affectRth&BsurvivaBand/ogrowth) &
(H10)8EntrainmentrisiBidBadulBDeltcdBSmel&duringgthe&subsequen®wintelandBspringBarallowe&
whenfaverageBX KisBbelowB81kmEinkthe&falll

Table*I2*

Underlwhatlcircumstancesl{e.g., !distributionloflthe!population,!preyldensity,!
concentrationsloflcontaminants)!dolprojectloperationslinlthelfalllhavelsignificantleffectslon!
survival,lpopulationlviability,landlrecoverylofDeltalSmelt?!l

2. Whenlcircumstancesloccurinlthelfalllthat!placelDeltalSmeltlatlhighlrisklofimortality,lwhat!
actionslcanlbelimplemented!tolreducelthelimpactsloflprojectloperationslonlthelfish?

3. Howlcanlthoselactions!{under!2.labove)lbelimplemented!and!belconsistent!withlthe!
objectivesloflthelwater!projects?!Howlcanl!strategiclincreaseslin!fallloutflow!belachieved!
with!minimallwater!lsupplylimpacts?

4. How!muchlvariabilitylinltidal, daily,lweekly,land!monthly!fluctuationslinifalliX2lis!
attributableltolwaterlprojectloperations?

‘, 0 Draft'Hypotheses* . , 0
(H11)&inktheBF allgthaBextenBoRthaRareBoccupieBbyelta®Smel&iLsignificantlBcorrelatedBwith&

thefareaBexten®oftha&lowlsalinity8zone(o&thalpositionSoRiheBX Zisohaline) &
&(H12)&8The&distributiorBandBexten®Bofhabita®forDelta®meltBaLrepresentedBby&théidistribution’
andBextenBoftheBlow kalinit\8zona8{oBthe8positionSoftha@X XRisohaline Bduringthe&falBha &
diminishedBovelBth&Bavailabléhistoridrecord&
(H13)BChangeLove&timeaSirBtheldistributionrfanBextenBofhabitatBasrepresente BbyBihek
distributiorBandBexten®ofthaBlowksalinityBzon e o8the8positionBoRthalX Risohaline BduringBthe&
falkiattributableSt BwatelBexporiBprojecBoperations&
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(H14)&There8BifdBsignificaniBpositiveBcorrelation8betweerSthasurvivaBrataofDelta®mel®during&
the8falkandRthalpercentagaofiheDeltaBSmel&populationRirftha8confluenceRoBwesBoRitBduringk
the’fall &

Delta®meltConceptuafModels®
Figures!4"1land!4"2lbelow!depictirecentlconceptualimodelsiforiDeltalSmeltlproposed!byithe!
Interagency!EcologicallProgram!{IEP),!Management,!Analysis,land!Synthesis!Team!(MAST)!draft!
Julyl2013lreport.]Whileluncertaintylexistslregardinglsomelmechanismslandlthelrelative!
importanceloflthelvariouslhabitatlattributeslandldrivers,!theselmodels!generallylincorporateland!
reflectlthelresearchlthatthaslbeenldonelon!DeltalSmeltltoldatel(seelreportsldescribinglthe!POD,!
FLaSH,!land!MAST,land!reviews!bylthe!NRCland!DeltalScience!Program).!Continued!worklis!
needed!byluniversities,lagencies,land!stakeholdersitoreduceltheseluncertaintieslandlimprove!

ourlunderstanding.h
! !
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FalPMHabitatand™Delta®™S melDistribution®
ThelFalllOutflow!Subgroup!discussed!how!DeltalSmelt!habitatlhaslbeen!definedlinlthelfallland!
whatlrelationshipslexistlbetweenl!fallloutflow!and!Delta!Smelt!distributionlinlthelfall.IThe!
Subgrouplagreed!thatltheselrelationshipsishould!belupdated!with!thelmostirecent!ldatal{e.g.,!
CachelSlough!data,!datalpost!2011),land!thatinewlanalyticallapproacheslcould!provide!more!
informationlregardinglthelrelativelimportanceloflvariouslcovariateslyetitolbelconsidered.The!
existinglconceptuallmodelslsuggestlthelqualityloflhabitatlisldetermined!bylalcomplex!
combinationloflfactors,landlistunlikelyltolbelcharacterizedladequatelylusingbnly!salinityland!
turbidity.!Aslanlexample,lthelgrouplagreed!that!food!mayllimit! DeltalSmeltlabundancelor!
habitatland!those!bioticlfactorsirequirelfurtherlinvestigation,lincludinglunderstandinglthe!
relationshipslbetween!bioticlandlabioticlfactors.IThelgrouplalsolacknowledged!that!morelwork!
couldlbeldoneltolexplorelthelrelationshiplbetweenhabitatlattributeslandltheldistribution!of!
DeltalSmelt.l!

!

ThelSubgrouplalsolrecognized!thatlinlsomelyearslalportionlofitheDeltalSmelt!populationimay!
residelinlCachelSloughlandlwaslinterestedltolseelifthigherlfallloutflowsImightlbenefitltheDeltal
SmeltlpopulationlinithelCache!Sloughlarealduringlwetland!abovelnormallwaterlyearltypes,land!
howlwater!projectloperationslaffectlthelDeltalSmeltlpopulationlwhenl!fallloutflowlislatiower!
levels.ll

|
ThelSubgrouplacknowledged!that!datalsetslandlhabitatlattributesthatlhavelnot!been!previously!
consideredlcould!belincorporated!intolthelhabitatlindex!modeling lbutlrecognized!that!data!
limitationslexist!iforlsomelkeylvariablesloflinterest.INonetheless,the!Subgrouplagreed!thatlit!
would!belworthwhileltolexplorelotherliong'termldatalsetslandlanalyses!mightlbenefit!/from!
exploratorylmodelingltoldetermineliflrelationshipslcould!belextrapolated!tolthelfulllrecord!of!
thelFMWTldata.ll

!

Finally,!the!Subgroup!noted!thatltherelarelinherentishortcomings!(including!biases)linlthe!
existinglmonitoringldataland!thatlthose!shortcomingsimaylaffectlinferenceslregardinglthe!
distribution,loccurrence, landlabundanceloflDeltalSmelt.IThelgrouplagreed!thatimorelworklis!
needed!tolidentifyltheseluncertaintiesland!suggested!that!lsomelre'analysisloflrelationshipslin!
thelconceptuallmodellisinecessary.!Specifically,lanlargumentlwas!madelthatlthelhabitat'index!
analysisldidinotlincorporatelrecentlyladded!FMWT!datalpointsifrom!Cachel!Sloughland!thatlthe!
historicallFMWTl!surveyldoesinotladequatelylsamplelthelentire DeltalSmeltlrange.linladdition,!
concernslwerelraisedlregardinglthelmethodslused!toldeterminelthelhabitatlindex,lincluding!that!
itlshould!belre"calculated!withladditionallvariablesisuchlaslabundance,!geographyland!food.!

Delta®meltfAbundancefand®StockiecruitRelationships®
ThelSubgroupldiscussedlexistinglstock'recruitland!stage"recruitlrelationships!forlalliDeltalSmelt!
lifelstageslandlthelapproacheslused!tolexplorelhow!falllhabitatlvariableslandlespeciallylX2may!
improvelthe!”explainedlvariance”linlsurvivallandlrecruitment!from!falliitolthe!lnextlyear!The!
grouplacknowledged!thatlthelstock'recruit!{SR)}modellusedlinlthe!FWS!BiologicallOpinionishould!
belupdatedlwithlthelmostlrecent!datalandlthatlotherlvariables!shouldlbeltestedlinlthelmodel!
However,lasinotedlabove,lalchallengelisifinding!lsuitable!long'term!datalsets!forlkeylvariableslof!
interest.!Mostlimportantly,lthelgrouplacknowledged!thatlthe!mechanismslunderlying!SR!

"37"

ED_000938_00000645-00041



relationshipslshould!belexploredlinimoreldetailland!noted!that!thelgrowth!ratelstudies!
supported!bylthe!FLaSHlinvestigationlshould!belcompleted.!Thelgrouplalsolnoted!thatladditional!
investigationslofldiet!(including!prey!selection)lshould!belconducted!forlalillifelstageslofiDelta!
Smeltlinlalllyearltypes.ll

!
ThelSubgrouplacknowledged!thatltherelislsubstantiallvariabilitylinlthelrelationshiplbetweenl!the!
FMWTlindexland!thelfalllhabitatlindexlinlthelsamelyear,lbutlnoted!that!theleffectsloflfalilhabitat
improvements!may!notlbelrealizedlimmediatelyland/orlthat!thelantecedentlpopuiation!

abundanceland!conditions!duringlthelprecedinglsummerlshould!beltakenlintolaccountlasiwell!l
! !
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4.7  OMRfandDelta®SmeltEntrainment®
Thel2008!BiologicallOpinioniforiDeltalSmeltlcontainslalReasonableland!Prudent!Alternative!
(RPA)-Ithatlincludesithreelactionslintended!tolprotectlpre'spawningladultiDeltalSmelt!{Actions!
1land!2)landliarvallandljuvenilelsmelt!{Action!3)fromlexcessivelentrainment!Specifically, ithe!
actions!setllimitslonlflowslin!Oldland!MiddlelRiver{OMR)!during!December'june.&

OMER/ EntrainmentProblem®taterment®
Al2010!NationallResearch!Councill{NRCI2010}lreview!concluded:¥[T]heretiBsubstantiak
uncertaint\Bregarding&the8amoun®Bofflowstha&shouldBiriggedfreductionSinfexports&fothei&
wordsgtheéspecifi@choicafofiheBnegativesflowkihreshol&folinitiatingBiheBRPARIRIesEclear )&
supportedBbiBscientifi®analyses&TheBbiologicakbenefitBandihdBwateBrequirementLofihis
actionfarellikel\BtaBbe8sensitive&talithaBprecisavalueLoRtriggeandthresholBvalues&Therelclear|)&
icBrelationshipBbetweenfnegativaBOMREflowLandBmortalityRoRsmelBaBtha8pumpsBbuBiheBdatdi
dd@noBpermiBaiconfiden®identificatiorfoftheSthreshold®valuesRiBuseBinftheactionfandBtheyBd &
noBpermiBcBconfideni®assessmentBofthefbenefitfidBthaBpopulatiorBofthalactionfBALdRresult&thak
implementatiorBofihifactionfneedBtaR@baBaccompaniedbyBcarefuBmonitoringRadaptivek
managementBandBadditionaBanalyseRihaBpermiBregulBrevienBandadjustmeni®ofstrategie
astknowledge&improves.”|

!

Waterlusersland!the!DepartmentlofiWater!Resourceslhavelraisedlquestions!regardinglthe!
designlandlimplementationlofithe!RPAlandlitsloverallleffectivenesslinlprotectingDeltalSmelt.!
Thelspecificldisagreementslinclude:!(1)lwhetherland,liflso,lunderlwhat!circumstances!
entrainmentlhaslanleffectlonitheloveralllviabilitylofltheDeltalSmeltlpopulation;land!{2)ithe!
efficacyloflmanaging!lOMRI!flowslaslalmeanslofireducinglentrainment!{including!the!
establishmentloflspecificltriggerslandlthresholds).IThelproposed!mechanisms!bylwhich!
entrainmentlcouldlaffectlthelpopulationlareldescribed!inlmoreldetaillinlthislreport’siconceptual!
models!{seelbelow),land!havelbeenltestedltolvaryingldegreeslbylmodelinglaties!suchlas!
Kimmerer!(2008;!12011),IMiller!(2011),Millerletlal.}{2012),!Maunder!and!Deriso!{2011),/Roselet!
al.l{2013la,lb),land!BDCP!(2013).ITherelisldisagreementlaboutlthelinterpretationlofithelmodel!
resultslandltheldegreeltolwhichltheylindicate!populationleffects./Theselissueslreflectlalbroader!
disagreementlbetweenlwaterluserslandlother!lCAMT!Entrainment!Subgroup!memberslregarding!
whether, landliflso,tolwhatlextent, lentrainmentlaffectsDeltalSmeltlpopulationldynamics./There!
may!belopportunitiesltobetterlunderstandland!predictithelconditions!thatlinfluence!
entrainmentllevels.!l

!

Concernsland!disagreementsthavelalsolbeenlraisediregardingltheldataland!methods!currently!
beinglused!tolestimatelentrainmentland!tolset!takellimits.!Further,lasinoted!bylthe NRC!{2010}!
and!Kimmerer!(2011),!thelhistoricalldistributionlofDeltalSmeltlhas!shifted,landlthelrecent!
additionloflnew!monitoring!stationsland!techniquesthas!revealed!thelexistenceloflgreater!
variationlinlDeltalSmeltllifelhistorylstrategieslandlgeographicWdistributionlthanlwaslpreviously!
recognized.!Bothlchanging!distributionsland!differentllifelhistorylstrategies!maylaffectlthe!
interpretationloflcurrent!proportionallentrainmentlestimatesland!theirllikelylresponselto!
hydrauliclalterations!(Miller!2011)*
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OMR/EntrainmentBackground®
ThelCAMTIEntrainment!Subgrouplorganizedlitsleffortsitoladdressithreelprimarylareas!of!
disagreement:!
1. Howltolassessldistribution,labundance,landlentrainmentlofiDeltalSmelt.!
2. Circumstanceslwhenlentrainmentlaffects!thelviabilityloflthe DeltalSmelt!population.!
3. Thelefficacyloflcurrentlandlalternativelactionsltolmanagelentrainmentlorimitigatelits!
effects.!

!
Inlthisldocument,lthelterm!“entrainment”lislused!tolspecificallylreferltolthelincidentallremoval!
(mortality)loflDeltalSmeltlinlwaterldiverted!from!thelestuarylby!CVPlandISWPlexportipumpinglin!
thelsouth!Delta.litlisldistinctifrom!“salvage”lwhichlrefersitolfishlcapturedland!countedlinlthe!
statelSkinner!Fish!ProtectivelFacility!(SFPF)land!thelfederallTracy!Fish!Collection!Facility (TFCF)
beforeltheylreachlthelpumps.!IThelfishlcollectedlinltheselfacilitieslareltrucked!tolreleaselsiteslin!
thelwestern!Delta.lSalvageldoesinotlaccountlforlentrainment'related!mortalitylthatloccurs!
beforelthelfishlreachlthelfishifacilities!(“pre'screenllosses”)lorlduringlthelcapture,thandling,!
truckingland!releaselprocess!(Baxterlet!al.12013,!Castillolet!al.12012),Inorldoeslitlaccount!forifish!
sizelorloperations'basedichangeslinllouverlefficiencylatithelfacilitieslthatlaffectlthelability!to!
detectland!separatelfishlfromlexported!water&

!

SalvagelofiDeltalSmeltlatlthelfishifacilitylscreensthas!beenlassumed!tolbelanlindex!of!
entrainmentloflfishimorelthanlabout!20lmmlinllength;latlsmallerisizes, !therelisliessliikelihood!
thatlsalvagelindexeslentrainment!{(Kimmerer!2008,12011;Miller!2011).!Theldegreeltolwhich!
salvagelparallelslentrainmentlunderldifferentlenvironmentallconditionsland!pumping!rateslhas!
onlylbegunltolbeltested!foriDeltalSmelt, lbutlrecentlevidencelsuggestslthat!salvage!may!notlbelal
reliablelmeasureloflthelmagnitudeloflDeltalSmeltlentrainment!{Castilloletlal.!2012).IThelresults!
supportlthelhypothesislthatlunderlsomelconditions,!pre'screenliosseslarethigh,lsuggesting!that!
salvagelmeasurementslwilllsometimeslrequirelalrelativelythighllevelloflexpansionltolestimate!
entrainment.!The!mostlrecentlindependent!scientificlpanellreviewlwas!particularlylconcerned!
that!“direcBandBindirec®losseLdualiaBentrainmentintaBtheSpumping&facilitieand&the®variance&
estimatesBassociateBwithBthoséflosseEmakbe&substantialhBunderestimatedfandBarafnoBwell)
connectedBtaBpopulatiorfsizéBestimates.” IThelpanellalsolstated!that!“(n)ew&informatiorfabout
potentiaBlossesBassociatedwith8entrainmentBa&thaSpumpingsfacilitie®(e.qg.BCastillBeBal 82012 &
sugges&thaBtheldeterminationBofallowablaincidentaktakefeverfromBextendedBsalvage’
estimateBmayBunderestimatalactuakfacilit®mpactLonfthifspecies’l{DeltalScience!Program.!
2013.!Reportloflthel2013lindependent!Review!Panel!(iRP)lonlthelLong'term!Operations!
BiologicallOpinions!{LOBO)!AnnuallReview!

|
Thisldocument!does!notlspecificallyladdresslotherthypothesizedlecologicallimpactsithatlhave!
beenlattributed!tolwaterlexports!fromitheloperationloflthe!Deltalwaterlprojectsisuchlaslthelloss!
oflfoodlweblproductionltolthelpumps.!Therelislsubstantialldisagreementlinlthelgrouplabout!
whetherlthese!“indirectleffects”Ishould!belpartioflthelcurrent!scope.lThelenvironmentalINGOs!
havelspecificallylraisedlconcerns!thatlthe!lCAMT slconsiderationlofthypotheseslandlactions!
relatingltolimproved!managementloflentrainment’sldirectimortalityleffectsimustltakelintol!
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account!both!theselindirectleffectsland!thelextent!tolwhichlaccess!tolhabitatlin!thelsouth!Delta!
affectslthellong'termlviabilitylofiDeltalSmelt&

OMR/EntrainmentevQuestionsandHypotheses®
Conceptualimodelsldescribedlinlsubsequentlsectionslwerelusedltoldeveloplalgeneralized!list!of!
keylquestionsland!potentiallhypotheseslthatlcould!belused!tolframelspecificlscience!
investigations.!Thelquestionslarelorganized!lintolfivelbroad!categoriesi

1. MeasuremeniBofREntrainment8AbundancefandBDistributioBThislsection!focuseslonlthe!
datalthatlarelneeded!toladdressisubsequentlcategories.ITherelarelseparatelquestions!
forlAdults,landlLarvae/Post"Larvae.!

2. FactorAffecting®Entrainment&Thislcategoryldealslwithlthelmechanisms!describedlin!
the!MechanisticlConceptuallModellandlinlthelpreceding!narrative!IThelHypotheseslwere!
generatedlinlpartifrom!thelHypothesis'Driven!ConceptuallModel.lTherelarelseparate!
questionsiforlAdults,land!Larvae/Post'Larvae.!

3. PopulationfBlLeveREffects&Thislcategoryldealslwithlthelpopulationllevelleffects!described!
inlthelMechanisticlConceptuallModellandlitslpreceding!narrative.!!

4. Implication&fol8Management & hislcategorylfocuseslonthowladdressinglthelprevious!
guestionsicouldthelpltolguidelmanagement.IThelquestionstherelwerelgenerated!based!
inlpartlonlthelEntrainment!Management!ConceptuallModel |

5. Models& hislcategorylfocuseslonthow!lnewlinformationlwould!belused!tolrefine,lupdate,!
orlreplacelexistingldrafticonceptuallmodels.!Thislcouldlalsolbelextended!tolthelfurther!
developmentland!refinementloflquantitativelmodels.!

!
Hypotheseslhave!lnotlbeenlincluded!forlallicategories,!partlylbecause!lnotlalliquestionsliend!
themselvesltolhypothesisltesting!(e.g.!method!developmentlquestions),lbutlalsolbecauselthe!
subgroupldid!notlhavelsufficientltime.lAdditionallrevisionslarellikely, Iparticularlylafterlinput!
fromlalbroaderlaudienceloflexpertslandltheldevelopmentloflspecificlpriorities!

Table*4ig*

Questions*
1. How!manyladult!DeltalSmeltlarelentrained!by!thelwater!projects?
a. Whatlislthelbestlfeasiblelmethod!forlestimatinglthelnumberlofladultslentrained!by!
thelwaterlprojects?!
b. Whatlislthelrelationshiplbetweenlsalvagelandlentrainmetylhowlvariablelislthe!
relationship,landlwhat!factorslinfluencelthatlvariability?
c. Whatlmethods!should!belutilized!tolassess!theldistributionlandlabundancelofladult!
DeltalSmeltlpriorltolentrainment?!
d. Whatlnewl!toolslwould!providelalbetterlunderstandinglofladultlentrainmentlievels,!
abundance,land!distribution?!
2. How!manyl!larvallandlpost'larvallDeltalSmeltlarelentrainedlbylthelwater!projects?
a. Whatlislthelbestlfeasiblelmethod!forlestimatinglthelnumberlofllarvaeland!pobt
larvaelentrained!bylthelwater!projects?
b. Whatlislthelrelationship!betweenl!salvagelandlentrainment,lwhatlislthelvariabilitylin!
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thelrelationship,landlwhat!factorslinfluencelthatlvariability?!

c. Whatlmethods!should!belutilized!tolassesslthelabundanceland!distributionlofliarvall
and!post"larvallDeltalSmeltlpriorltolentrainment?!

d. Whatlnewltoolslwould!providelalbetterlunderstandinglofliarvalland!post'larvall
entrainmentllevels,labundance,!land!distribution 7!

Table*Kg*

3. Whatlconditions!priorltolmovementltolspawninglareaslaffectladult!DeltalSmelt!
entrainment?!

a. Isltherelalrelationshiplbetween! DeltalSmeltldistributionlandthabitatlconditions!
(e.g.lturbidity,!X2,ltemperature, food)!during!fallland!subsequent!distribution!
(andlassociatedlentrainmentlrisk)linlwinter?!l

4. WhatlfactorslaffectladultiDeltalSmeltlentrainmentlduringlandlafterlwinterimovements!
tolspawninglareas?!

a. Howlshould!winter!“firstiflush”lbeldefined!forlthelpurposesloflidentifying!
entrainmentlrisklandlmanagingltakelofiDeltalSmeltlatlthelsouth!Deltalfacilities?!

b. Whatlhabitatlconditionsl{e.g.!first!flush,lturbidity,!waterlsource,food, ltimelof!
year)lleadltoladultiDeltalSmeltlenteringlandloccupying!thelcentralland!south!
Delta?!

c. Whatlconditions!(e.g.!flow,lturbidity,lwater!source,!ltimeloflyear)lcauselfishlto
moveltowardslthelexport!facilities?

d. Howlshould!thelregionlwherelentrainmentlriskslarelelevated!lbeldefined!or!
delineated!forlthelpurposeslofimanagingltakelofiDeltalSmeltlatithelexport!
facilities?!!

e. Whatlnew!methodslorltoolslcan!lbeldeveloped!tolprovidelalbier!
understandinglofifactorslaffectingladultlentrainment?ll

5. Whatlfactorslaffectllarvaldnd!post'larvaliDeltalSmeltlentrainment?!

a. Howldoesladultlspawningldistributionlaffectliarvalland!post'larvallentrainment?!

b. Whatlconditions!(e.g.Mfirst!flush,Ispawning!disibution,!turbidity,lwaterlsource,!
food,ltimeloflyear)llead!tollarvaeland!post'larvaeloccupyinglthelcentralland!
south!Delta?!

c. Whatlconditions!(e.g.!flow,!turbidity,lwater!source,ltimeloflyear)!causelfishlto!
moveltowards!thelexport!facilities?

d. Whatlnewltoolslorimethodsicanlbelused!tolprovidelalbetterlunderstandinglof!
factorslaffectingllarvalland!post'larvallentrainment?!

_Hypotheses*
(H1)&AdulBDeltaBSmel&distributiorSanRabundance&irfwinte&iLinfluenceBby®eltBSmel&
distributiorBand€abundancefirfthe8fallfawelkahabitaBcondition&e.g&urbidity&salinity&
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temperature&oodavailability)Band€hydraulicg{e.g&elocity&tidaBflowksplits BduringBwinte &

(H2)&ThaSprobabilitofobservingBadulBDeltaBSmel&infthefcentraBandSsoutiBDeltaBi%&
significanth&highe&following&the&firs@majoincreasetirBDeltdBinflow&(e.g&>25,00(Ecfs)Bwhich&
contributeiBrisingfturbidityflevelLinfthecentraBandBsouthBDelt a%

(H3)&Entrainmen&levelBoRadulBDelta®Smel&areBhigheBwherBmoreaifishBarefdistribute Binthe&
centraBandBsouthBDelta®(cBconsequenceBofsuitable8habita®conditionBsuchBahighBturbidity, &
andBwhenStherefardBnegativaBOMREflows&Example8sublhypothesiKinclude&

a80ncefadul®DeltaB melRareBobservedBirBthafcentrakandBsouthBDeltaBthe)BwilBsta\Btherei
throughoutBthe&spawningBperiodBunlesRwateBconditionBbecomalunfavorablefeveBiROMRE
flowsBbecomeBpositive&

bROncefadul®Delta®s melBhaveBmovedRintaBthaSsoutRand@CentraRDeltafentrainment®®level&
ofadultBwilBbelcorrelatedBinfeBnonldineaBwayBwithfnegativeBONMRBflowLan&fisiRabundance &

(H4)&LarvaBDelta®&mel&distributionfandabundanceSingspringBiginfluencedbyBadul@®eltaBSmel&
distributiorBandBabundanceghabitaBcondition&(e.g&urbidity&salinity&temperatureffoodk
availability)Band@hydraulicg(e.g&elocityftidaEflovwBsplits ) &

(H5)&Entrainment&levelLoflarvakDeltdBSmelBarafhighe@when@moresfishareidistributedBirftha&
centraBanBsouthBDelta8(cBconsequenceBofsuitable8habita®conditionBsuchBasghighSturbidity &
andBtemperaturef<28C RandBwhenfthereardBnegativeBOMREflows&

Table®*iG5*

. Questions* .

6. Whatlareltheleffectsloflentrainmentlon!thelpopulatio®!

a. Whatlislthelmagnitudel(e.g.!%!loflpopulation)lofladultland!larvahtrainment!
across!differentlyearslandlenvironmentallconditions?!

b. Howldoldifferentllevelsloflentrainment!forladultslandliarvaelaffectlpopulation!
dynamics,labundance,landlviability?!

c. Howldoeslentrainmentlaffectllifelhistoryldiversitylofladultslandliarvaelover!
time?!

d. Whatlare!“natural”l(ie.lbackground!levels)imortalitylrateslinlthelsouth!Delta!
andlhow!doltheylcompareltolrateslestimated!forlentrainment?

7. Whichlnewltoolsl(e.g.!Population!ViabilitylAnalysis,!2or!3"Dlparticleltracking, individuall
based!Modeling, llifelhistory!modeling),letc.lprovidelopportunities!ltolmorelaccurately!
and!preciselylquantifylthelpopulationlievelleffectslofladultlandllarvallentrainmen®!

a. Whatlarelthelstrengthsland!lweaknesseslofltheldifferentlapproached?

b. Howldoltheylcomplementleachlother?!

c. Howlcanlthese!lmodelslbelusedlindividuallylorlinlcombinationltolestablish!
seasonallorlreal'timelmeasurementsloflpopulationleffects?!
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. ___ Hypotheses* ” .
(H6)&IndividuaByoungBoftha®yeaDeltaRSmelBfoundBinfthefsouth8DeltBexhibiBsimilablikelihoodk
ofsurvivaBcomparedBiByoungRoftha®yealfoundelsewheraiinfthelestuarysl

(H7)BDelta8Smel€are8entrainedRa®ProjecBfacilitiefa&level&thaBaretlike W&t BaffecRihaSlond/
termBabundancefoRih&Delta®Smel®population.]

(H8a)&TherafareicircumstanceBundeBwhichStheRlosseLofeltdBSmelRtdBentrainmeni®arek
sufficien®BcauseBdfdemonstrable&impac®orfpopulationfviability. &

(H8b)&The&flosseLofRDeltdBSmel®idBentrainmeniBaralsufficienitcBaffecBN(e BanBresul&ink
reductionsBinfalleli&diversityirftheBpopulation&

Table*iG*

... . e
8. What!new!information!wou!d!inform!future!considerétion!of!management!actionsto!
optimizelwater!projectloperationsiwhilelensuringladequatelentrainment!protectionifor!
DeltalSmelt?!

a. Canlhabitat!conditionslbelmanaged!during!falilorlearlylwinterlto!preventlor!
mitigatelsignificantlentrainmentlevents!

b. Shouldlhabitatlconditionsl(includinglOMR)!be!lmorelaggressivelymanagedlin!
somelcircumstanceslaslalpreventativelmeasurelduring!thelupstream!movement!
periodl{e.g.followinglfirst!flush)ltolreducelsubsequentlentrainment?!

c. IflDeltalsmeltimovelintolthekegionlwherelentrainmentlriskslarelelevated,lhow!
canlOMRlorlotherlhabitat!conditionslbelmanaged!tolpreventlorimitigate!
significantlentrainmentlofladultsland!iarvae?!l

d. Iflpreventivelactionslarelu ndertaken!tolreducelentrainmentlrisk,!could!therelbe!
unintended!consequenceslthatladverselylaffectiDeltalSmeltlpopulationlviability!
orldemographics?!

e. Howlcanltheloperationland!designloflthelexportlfacilitieslbe!modified!tolreduce!
entrainment!mortality?!

f. Canllowlrisklcircumstances!belidentified!thatlwould!notlresultlinisignificant!
levelsloflentrainmentlbut!that!mightlallow!pumpingllievelsltolbelincreased?

g. Areltherelotherlactions,lwhichimaylorlmaylnotlinvolvelwater!projectbperations!
thatlcould!beltakenltolachievelthelsamelpurposesloflentrainment!RPAslorithat!
couldloffsetlorimitigateleffectsloflentrainment?!Whatlwould!theselactions!be,!
underlwhatlcircumstanceslwould!theylbeleffective,land!whatlwould!theleffect!
ofleachlactiontbe?!

h. Whatlotherlapproaches!toldatalcollectionlandlanalyseslbeyond!thelones!
currentlylinluse,lcould!beluseditolhelp!managelentrainmentlievelsand!
associated!populationleffects?!!
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9. Howlshould!lconceptuallmodelslbelupdated!basedlon!study!resultsldesigned!tolanswer!
thelprecedinglquestions?!!l

10. Howlshould!quantitative!modelslbelfurtherldeveloped!based!on!study!resultsldesigned!
tolanswerlthelprecedinglquestions?!ll

Delta®SmelfEntrainment™ConceptualModels®
Alkeylfirstisteplinladaptivelmanagementlisltoldeveloplonelorimorelconceptuallmodelsitolguide!
thelprocess.|Below!lweldescribelrecentlconceptualimodelsithatthelped!frameltheldevelopment!
oflthelstudylquestionslandlhypotheses.!Whileluncertaintylexistsiregardinglsomelmechanisms!
and!thelrelativelimportanceloflthelvariouslhabitatlattributesland!drivers,these!lmodelsigenerally!
incorporatelandlreflectlthelexistinglanalysesland!spectrumloflhypothesesicreated!toldatelon!
DeltalSmelt.IThelmodelslwilllbenefit!from,land!belimproved!by,lalrigorousland!comprehensive!
reviewland!furtherltesting.|ITherelisstilllsubstantialluncertaintylaboutlthelrelativelimportance!lof!
differentlhabitatlattributeslandldriverslonlentrainment,!solcontinued!researchlisineeded!to!
improvelourlunderstandingland!protectionlofithislspecies!!

!

AslpresentedlinlSectionl4.1labove,theldraftiMAST!DeltalSmelt!Conceptual!Modell{Baxterletlal.!
2013)lislintended!tolbelalgeneralizedloverviewlof!factorslaffectingDeltalSmeltlativariousllife!
stages.ltlillustrates!thelroleloflentrainmentlacross!differentllifelstages,lwithlrespectltolother!
habitatlattributeslandlenvironmentalldrivers.!Tolprovidelfurtherlinsightlintolshort'landliong"”
termlchangeslinldistribution,lentrainment,land!related!managementlissues,!theICAMT!
Entrainment!Subgrouplhasldevelopedicomplementary!modelslthatfocuslonimorelspecific!
aspectsloflentrainmentlandlprovide!moreldetailslaboutlthelinteractionsloflmanagementlactions!
and!drivers.ITheselmodels,land!thelassociated!reviewloflbackgroundlinformationlpresented!
below,lislexpected!tolbelrevisedlaslalresultloflthelCAMT!sciencelinvestigation s,land!should!not!
beltakenlaslalsignloflagreementloflalligroup!membersltolaliidetailslofithelmateriallpresented!At!
thislstage,lthelconceptualimodelslareltoolsitolidentifyluncertaintiesland!disagreementsland!
formulatelquestionslandlhypotheseslintended!tolhelpladdressitheluncertaintieslandlresolve!
disagreements.IThelmodelslarelintended!aslalstartinglpoint!thatlwilllbelrefined!substantially!
based!onladditionallinputland!studies.!!

Althoughlitimay!belsimplerltolhavelfewer!models!forispeciesimanagement,!lwelprovide!severall
formulationslbecauselnonelhavelbeenlvettedlandlreviewed!bylthelscientificlcommunity;!they!
wereldeveloped!bylthelsubgroup!forlthelCAMT.IEachloflthe!modelsthelpsladdresslalspecific!
scientificlorlmanagementlissuelthatimay!notlbeleasilylportrayedlinlalsingleloverly'complex!
model.IThelspecificlmodelsland!theirlpurposeslarelasifollows!

1.IMechanisticlEntrainment!ModellThisimodellisldesigned!tolillustratelhow!severalldifferent!
mechanisms!maylinteractltolcauselentrainment,landlassociated!eéictslonlthelDeltalSmelt!
populations.!!
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2.!Hypothesis'Driven!Entrainment!Model.!Thislmodellincorporates!severallofithelkey!
mechanisms!from!thelprevious!modelltolillustratelhow!specificlhypothesesicanlbelformulated!to!
testltheldifferentlalternatives.!

3.IManagementlAction!Entrainment!Model.IThisimodellisidesigned!tolshow!how!management!
actionslcould!belconsidered!tolreducelentrainmentlandlassociatedleffects!

BackgroundlinformationiforiEntrainmentiModels!
Backgroundlinformationlaboutlentrainmentlis!providedibelowl!tolaidlinlunderstanding!the!
conceptuallmodels.IThelbasiclentrainmentlconceptuallmodelsicoveritwolgeneralllifelstages:!!
adultlandllarvallDeltalSmelt.IThelseasonalltiminglofleachllifelstageslvaries!fromlyearltolyearland!
usuallyloverlaps,lasidepictedlinlthe!lMAST!conceptualimodellforithellifelcyclelofDeltalSmelt!
(Baxterlet!lal.12013):!IDecember'May!(winter)!forladults;land!MarcHiunelforliarvael{(and!post’
larvae®).INotelthat!theselperiodslarelsomewhat!differentithanithelspecificlperiods!of!
managementlactionsldescribed!linlthe!DeltalSmelt!BiologicallOpinion!{USFWS!2008).!As!
discussed!linlUSFWS!(2008),!thelprimarylperiodloficoncernforlentrainmentlinlalgivenlyearlis!
roughly!lbounded!by!“firstiflush”!(seelbelow)linlwinterlthrough!March!forladultsland!between!
thelonsetloflsuitablelspawningltemperatureslandlunsuitablywarmlwaterltemperatures!for!
larvaeland!post'larvaelinlspringlorlearly!lsummer.lEntrainment!during!theselperiodsimaylhave!
populationleffects,lwithlpertinenceltolrelevantimanagementlissues.!

!
DeltalSmeltlarelendemicltolthe!San!FranciscolEstuary;!theirlnearestlknownlrelativelislthelmarine!
surflsmelt!(Stanleyletlal.l1995).ITherelisinolevidencelthat!DeltalSmeltlhaveldifferentiatedlinto!
persistentlsub"populations,landlalrecent!geneticlstudy!concluded!thatithelspecieslislalsingle!
population!{Fischletlal.!l2011)./However,lthisldoes!notimeanl!thatlalllindividualDeltalSmelt!
behavelthelsamelwaylorluselhabitatlthelsamelway.!SomelDeltalSmeltllivelyear'roundlinifresh!
water,land!somelarelfoundlinlmesohalinelwaters;lothersispendlthelsummerland!falllinitheliow’
salinitylzoneloflthelestuary.!Currently,lalllusablelsummer "falllrearing!habitatslarelatlalrelatively!
safeldistancelfrom!thelSouth!Delta!lSWPland!CVPlpumps.!IThelabundance,!distribution,land!
movementlofladultDeltalSmeltlaffectlentrainmentlriskloflthisllifelstage!(Sweetnam!1999;!
Sommerletlal.12011).I[EntrainmentlislalsolanlissuelforliarvalDeltalSmeltithatlhatch!duringlthe!
spring.!Dispersallfromlhatchinglareasltolfavorable!nurserylareaslwith!sufficient!foodltolenable!
rapidligrowthlthroughlthelvulnerablellarvallstagelisigenerallylconsideredloneloflthelmost!
important!factorslaffectinglthe!mortalitylofifishllarvae!(Houde!1987).!Many!factorslardthought!
tolaffectllarvallDeltalSmeltlentrainmentlrisklincludingladult!spawning!sitelselection,!
hydrodynamics,lturbidity,!ltemperature,land!proximityl!tolthelsouth!Deltalexport!pumps!
(Kimmererland!Nobrigal2008;!Baxterletlal.l2013).1!

Adults!
Tolhelplprovidelanlunderstandinglofithelentrainment!process,!thelfollowingldiscussion!divides!
thelissuelintolthreelbasiclphases:!!1)ithelantecedent!falliperiod;!2})ithelspawning!movement!
period;land!3)ithelperiodiwhenlentrainmentloccurs.!Thelfirstltwolperiods!representithe!
conditionslthatldeterminelthelwinterldistributionlofladultlsmelt,lalprimary!factorlthatlinfluences!

*IDefined lherelasifishllargelenoughltolbelobservedlinlsalvagelduringliatelspringlandlearlylsummer!
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entrainmentlrisk.linlreality,lthese!periodsloverlap.!lHowever,ltheylareldescribed!separatelylto!
help!providelalconceptuallcontext!forlhow!differentlconditions!duringleachlphase!maylinfluence!
(orlhelplavoid)isubsequentlentrainment.l

Anteceden®FalkPeriod:\TheldistributionlofiDeltalSmeltlduring!falllhas!been!coveredlinldetaillby!
severallstudieslincluding!Merzletlal.l{2011),!Sommerletlal.l{2011),land!Murphyland!Hamilton!
(2013).!Basedlonltheldatalavailable!fromlexistinglsurveys,itheldistribution!coverslalbroad!range!
oflsalinitieslfromlabout!Oltol10!psul{(Sommerletlal.l2011;!Sommerland!Mejial2013;!Murphyland!
Hamilton!2013).IThelFMWTl!suggestslthatlthelapparentldistributionlislaffected!bylsalinity,lbut!
thelsurveythasinot!fullylrepresented!habitatluselinlareaslonlthe!peripheryloflthelspecies’!
geographiclrangelsuchlas!CachelSlough!ComplexloriNapalRiverl{Merzletlal.l2011;!Sommerhnd!
Melial2013;!Murphyland!Hamilton!2013).IDistributionlalsollikely!ldependslonlseverallother!
habitatlconditions!suchlaslturbidity,ltemperature,foodlavailability,land!predatorlabundance!

!
Onelhypothesislislthat!distributionland!habitat!conditions!duringlthis!periodicould!havelanleffect!
onlsubsequentlentrainmentlrisk.lForlexample,litlislpossiblelthatlalmoreleastward!distributionlin!
thelfalllmaylincreaselthelrisklthat!fishlwillllater!disperselintolthellower!Sanlioaquin!Riverland!
centrallDelta,!lwherelentrainmentlrisklisthigher!(Grimaldolet!al.12009;!BOR!2012).IHowever,!
DeltalSmeltlthatlremainlinlmoreldistantiregionsisuchlas!Cachel!Slough!Complexlorithe!Suisun!
regionlwilllnotlbelentrained.!!

Spawning@Movemeni&Period!Winterlislassociated!withlsubstantiallenvironmentallchangdthat!
triggerlupstream!movementsltoward!freshwaterlspawninglareaslinlalportionlofltheDeltalSmelt!
population!{Moyle!2002;!Grimaldolet!al.!2009;!Sommerletlal.12011;!Murphyland!Hamilton!2013).!
Therelisldisagreementloverlhowllargelalportion!moveslupstreamlversusltolchannellmarginslor!
downstream!(Murphyland!Hamilton!2013).!AsInotedlinlrecentistudies,notlallladultDeltalSmelt!
movelatlthelsameltimelorlinlthelsameldirection.!Forlexample,lalportionlofithBkltalSmelt!
populationlrearslinlthelfreshwater!Cache!Sloughlregionlduring!falllandllikelylremainsltherelto!
spawn!l{(Sommerletlal.12011;!Sommerland!Mejial2013).IFurthermore,Imultiple!peaks!ofifish!
salvagedlatlthelfishifacilitieslsuggest!thatlmovementslduringlthelspawning!seasonlare!lnot!
completelylsynchronous!{Grimaldolet!al.12009).!

ThelfactorslthatltriggeriDeltalSmeltimovementltolspawninglareaslarelnotlwelllunderstood,but!
fishImay!shiftitheirldistributionlinlresponselto!“firstiflush”!{Grimaldolet!lal.l2009;!Sommerletlal.!
2011).IThelspecificlfeaturesloflalfirstiflushlcuelforiprespawning!movementslofiDeltalSmelt!
requirelanlunderstandingloflkey!characteristicsland!thresholds.!|Fromlalphysicallperspective, lfirst!
flushlrefersltolthelfirstllargelstorm"inducedlincreasesliniriver!flowslintolthe!Deltat-lusually!
duringlwinter;litlisloftenlassociated!withlelevated!sedimentlinputsland!sediment'bound!
pesticides!(Bergamaschilet!al.l2001).IThelenvironmentallfactors!thatimayltriggerland!support!
movements!duringlfirstiflush!stillineed!tolbelinvestigatedCandidatelhabitatlvariableslthat!could!
belassociated!withffirstiflushlincludelonelorimorelofithe!following:lincreased!turbidity,!
decreased!salinity,/decreased!temperature,lincreased!foodlavailability.litlalsolappearslithattime!
oflyearlislimportantlbecauselflowlincreaseslinliatelfalll{e.g.INovember)!do!lnotlresultlinlmajor!
increaseslinlsalvage,!thelprimarylindicatorloflentrainment!{Grimaldolet!al.|2009}Notelthat!the!
Reportloflthel2013lindependent!Review!Panell(iRP)lonlthellLong'term!Operationsland!Biologicall
Opinions!(LOBO)!AnnuallReview!lguestioned!whetherlfirstiflushlwaslalcriticalleventlbased!on!
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theirlcommentlthat!“itlseemslcounter’intuitivelthatlanlannuallspecies!suchlaslthelDeltalSmelt!
would!havelevolved!toldepend!forlitsisurvivallonltemporallylunreliabldenvironmentallcues!to!
triggerimigrationslassociated!withlcrucialllifelcycleleventslsuchlasispawningloriselection!of!
nurseryllocations.”!

Aslnotedlabove,litlappearsithatinotlalliDeltalSmeltlrespond,lorirespondlimmediately, ltolthese!
changes!-Imovements!dolnatlappearltolbelentirelylsynchronous.litlislunclearlwhether!therelisla!
particularlcuelduringffirstiflushleventslthatltrigger!DeltalSmeltimovementslorlwhether!firstiflush!
events!merelylincreaselthelarealoflhigherlqualitythabitat!forDeltalSmeltltolspreadlinto!{Murphy!
and!Hamilton!2013).IHowever,lthe!lmovements!oflatlieastlalportionloflthe!DeltalSmelt!
populationlarelconsistentlwith!migratory!behaviorslexhibited!bylalsuiteloflother!nativelfishes!
duringlthelsamelperiod!(Sommerletlal.l2011;!12013).11

Thelmajorlfactorslaffectinglsubsequentlentrainmentlrisk!duringlwinterlfirst!flushlperiodslarelthe!
directionland!magnitudelofiDeltalSmeltimove ment.ISpecifically,lSouth!Deltalentrainmentldoes!
notloccurlunlessladultifishlswimlintolthellower!Sanlloaquin!Riverlandits!centrallDelta!
distributaries!duringlwinter.!Aslnoted!above,lathypothesislislthatlonelorlmorelindividuall
covariatesloflincreasinglwinterlinflow!(turbidity,Isalinity, ltemperature, foodlavailability)!could!
individually,lorlinlcombination,laffectlwhether!DeltalSmeltimovelintolthelSanlJoaquin!River!
channels.!Severallofltheselfactorsicanlbelaffected!bylwaterloperationslorimanagementlactions!
(e.g.Inetlflow!directionland!theldispersionloflturbidity)!

AdultiEntrainmentiPeriod!
Aslnotedlinlthelprevious!twolperiods,lenvironmentallconditions!during!winterland!falillikely!
influenceltheldistributionlofladultDeltalSmelt.IFishithatImovelintolthellower!Sanlioaquin!River!
system!facelelevatedlentrainmentlriskiforithemselvesland/orltheirlprogeny.!IThelrskslincludela!
continued!movementlitowardslthelsouth!Deltalpumps,!lwhereltheladultslarelmorelvulnerablelto!
entrainment,!perhapsladultimortalityldueltolunfavorablelhabitat!conditionslinlthelvicinitylofithe!
pumps,land!spawninglinlareas!lwhereltheirloffspringlarelvulnerableltolentrainment.!Thislsection!
focuseslonlylonladultlentrainment.!Whether!DeltalSmeltlcontinueltowardslthelsouth!Delta!
pumpsldependslonlalnumberlofifactorslincludinglhydraulicslandlhabitaticonditions!!

Hydraulics:I0Onelfocusloflmanagementlactionslislthelarealnearithelpumpslwherelnetlflowslare!
oftenlreversed.lInflow, ltributary!contribution!(e.g.!Sanloaquin!Riverlversus!Sacramento!River)},!
exportland!diversionllevels,land!tidalleffectslalllplaylalmajorlrolelinivhetherland!theldegreelto!
which!flowslinlthelsouthlDeltalarelreversed.|Atlpresent,!Oldland!MiddlelRiver!(OMR)!flowslare!
usedlaslalkeylindicatorloflthelflowlreversalsithatlarelmostirelevantitoltheimovementloflDelta!
Smeltltowards!thelsouth!Deltalpumps,landithereforelthelrisklofifishlentranment!{Kimmerer!
2008;!Grimaldolet!al.l2009).|Actionsltolmanage!OMRIllevelslinclude!changinglreservoirlreleases,!
exportlrates,land!DeltalCross!Channeligateloperations!

Habita®Conditions:linladditionltothydraulics,thabitaticharacteristicslincludinglturbi dity,!
temperature,!predationlrisk,landifood!availabilitylcould bffectlthelmovementlofifishlintolthelSan!
Joaquin!Riverlandltheirlsubsequentlriskloflentrainment.!Forlexample,lsalvageldatalsuggest!that!
adultlDeltalSmeltlentrainmentlisllow!whenl!south!Deltalwaterlclaritylislthigh!{Grimaldolet!al.!
2009).!Alhypothesized!mechanismlislthat!DeltalSmeltlactivelylavoid!movinglintolthelsouth!Delta!
andlitslchannellconnectionsltolthelSWPland!CVP!facilitieslunlessitherelislal“bridge”lofhigher!
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turbiditiesland!perhapslotherlwaterlqualitylconditions.!AnlalternativelhypothesislislthatDelta!
Smeltldolnotlavoidiclearerlwater;lrather,lapparentlentrainment!(salvage)!ldoes!inotloccur!
becauselDeltalSmeltlareleatenlbylvisuallpredatorslbeforeltheylreachlthelfishlscreens.!Somelof!
theselfactorsimaylinteract,landlcould!belinfluenced!by!managementlactions!suchlasichanging!
reservoirlreleases,lexportllievels,land!Clifton!Court!Forebaylor!DeltalCross!Channellgate!
operations.!

LarvallEmtrainment!
Evenlifladult!DeltalSmeltlthat!movelintolthelcentralland!south!Deltalarelnotlentrained, their!
offspring!mayl!belvulnerableltolentrainment!Thelprimary!periodloficoncern!forliarvall
entrainmentlinlthelsouth!Deltallastsithrough!springluntilitemperatureslriseltoliethalllevels,!
presumablylresultinglinlmortalityloflanylremaininglindividuals!/{USFWS!2008).ITherelis!
uncertaintylas!tolhow!welllcurrent!modelslarelableltolmimiclmovementlofiDeltalSmelt;!
however,Istudieslusinglalparticleltrackinglmodellhavelsuggestedithatlentrainmentlrisklincreases!
stronglylwithlproximityltolthelexport!facilities!(Kimmererland!Nobriga!2008).IThus,lalhypothesis!
islthatltheladultlspawningldistributionlisloflprimarylimportanceltolthelentrainmentl!risklofltheir!
offspringlduringliatelwinterland!springlparticularlylifloutflow!doeshotlincreaselduringlthe!
period!thatladultsispawnlandleggslhatch,!therebylhelpingltolmovelthellarvaelseaward.!

!

Inladdition,lentrainmentlrisklfor! DeltalSmeltllarvae!lmaylbelinfluenced!bylriverlflow!direction!
andlvelocity,landlbylotherlenvironmentallconditionslsuchlaslturbidity,ltemperature,land!food.!
However,lthelwayltheselenvironmentallconditionslaffectllarvaelisliikelyldifferent!than!forladults!
becauselthelyoungerlfishlarelweakerlswimmers,larelseeking!rearinglhabitat,landlinitiallylarelnot!
aslstronglylassociatediwithlturbiditylas!metamorphosedlindividuals!(e.g.IMillerl2011).!For!
example,lifladultslencounterlunsuitablelwaterlqualitylconditions!(e.g.llow!turbidity)linlchannels!
adjacentltolthelpumps,lthey!lmaylhavelsomelabilityltolavoidlbeinglentrained!bymovingltoward!
habitatlwith!betterlconditons!(e.g.lhigherlturbidity)!Bylcontrast,lunsuitablelwaterlquality!
conditions!imay!notlbelenoughltolredirectliarvallfishimovements,lespeciallylcloserltolthelexport!
facilitieslwherelthelebbltide!canlbelabsent.!

!

Salvage!lnumberslarelcurrentlylused!toldeterminelincidentalltakellimitslandlindexlentrainment!
forlpost'larvae.lFishlgreaterithan!20!mm!FLlarelcounted!at!thelscreens!{Grimaldolet!al.!2009,!
Morinakal2013),!butbecauselsalvageldatalsuggestithatithelfishlscreens!dolhotleffectivelylcatch!
fishlsmallerlthan!30Imm!FL{e.g.IFigurel6linlKimmerer!l2008),!therelislalhigh!degreelof!
uncertaintylaboutlthelnumberlofliarvaelentrained.!

PopulationlEffects!
Ultimately,lalmajorlquestion!for!Deltalfisheries!managerslisltheleffectloflentrainmentlonithe!
DeltalSmeltlpopulation.!Forlthelpurposesloflthelconceptualimodels,threeltypesloflpopulation!
effectslarelconsidered:!!1)ithelproportionloflithelpopulationlentrained!atleachllifelstage;!2}ithe!
resultantleffectslon!populationlviability;land!3)ldemographicleffects.!!

!
ProportionaREntrainmen®ofRDeltcdBSmelt:\ThelproportionallentrainmentlofiDeltalSmeltlislalmajor!
managementlissuelforlthelestablishmentlofitakellimitslinlth&eltalSmelt!BiologicallOpinion!
(FWS!12008).!1Givenlthelcomplexityloflthelissue,!proportionallentrainmentlislexceptionally!
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difficult!tolestimate.|Belowlareltwolexamplelapproacheslbasedlon:!{1)!populationlestimates!
and!(2)lrelativelmeasures.!

Thelfirstlapproachlrequireslestimatesloflbothlentrainmentliossesland!thelpopulaion!sizelof!
DeltalSmelt.lUnfortunately,lthelrelationshiplbetweenlsalvagelandlentrainmentlislpoorly!
understood!andllikelylvariable,Imakinglit!difficultltolgetlaccuratelestimatesloflentrainment!
(Kimmerer!2011;!Miller!2011;!Castillolet!al.12012).ISecond, lkeylinformationlisllackinglto!develop!
reliablelpopulationlestimates!foriDelta!Smelt/{(Newman!2008)./0nelapproachltoldeallwithlthese!
issueslisitolmodellfishlsurveylandlsalvageldatalinlcombinationlwith!multiple!{and!mostly!
untested)lassumptions!{Newman!2008;!Kimmerer!2008,12011;!Miller!2011;!Mountlet!al.l2013;!
Roseletlal.l20133a,b).ITheseleffortsthavelprovidedlestimatesloflbothladultlandliarvalllosses!for!
selectedlrecentlyears.!However,lalmajorlchallengelisithatiDeltalSmelticatchlinlfishlsurveys!has!
beenlveryllow!sincelthelonsetloflthe!PelagiclOrganism!Declinelinl2002!(Sommerletlal.12007).The!
presentllow!detection!probabilitylmeanslthatluncertaintylisthighlaboutlbothlentrainmentland!
relativelpopulationllevels.!!

Alsecond!approach!tolestimatelentrainmentllevelsidoes!notlrequirelactuallpopulationlestimates!
Forlexample,ldensitiesloflfishlcollected!atithelexport!facilitieslcanlbelcompared!withldensitieslat!
multiplellocationslacrossltheldistributionloflthelspecies!{e.g.lKimmerer!2008;!Mountlet!E013).!
Thislapproachlhaslbeenlusedlinlatlieastlalconceptuallway!tolestablishitakellevels!(i.e.!lwinter!
entrainment)lofladultslbylexaminingldatalfrom!thelprevious!season!(Fall!Midwater!Traw}!
FMWT}tolindex!relativelpopulationllevels!{USFWS!I2008).IThelFMWT!has!beenlused!inlthis!
relativelapproachlbecauselitlhaslalwiderlrangeloflsampling!lstationslandlaliongerthistoricall
record!thanlislavailablelinlwinterl(thelSpring!Kodiak!Trawl,landhllows!theldevelopmentlofltake!
levelslinladvancelofffirstiflushleventskthatloftenlcoincidelwithlincreasedlentrainment!!

Effects&on&Population&Viability& &&Dyndhdimderstanding!thelproportionlofifishliostlto!
entrainmentlislalkeylissuelinltheldeterminationloflincidentalltakellevels,lbutlalbroaderlquestion!
isltheldegreeltolwhichlentrainmentlaffectsiDeltalSmeltlpopulationldynamicslandlviability. This!
insightlislneeded!tolbetterldescribelwhenDeltalSmeltlentrainmentlievelslarelatlalliowlorlhigh!
riskltolthelpopulation.!!

Severallmodelinglstudiesthavelexamined!DeltalSmeltlpopulation!dynamicslandlincluded!an!
entrainmentlcomponent.!Aslnotedlin!Mountletlal.}{2013),!theselefforts,lwhichlarelbasedlon!
numerouslassumptions,lhavelreliedlonlestimatesloflpopulation!parameterslthatthavelnotlbeen!
validated,!solcautionlisineeded!inlthelinterpretationlofithelresults./Onelexamplelislaltransport’
based!approach!{Mountletlal.12013),lwhich,lalthough!moderatelyluncertain,!suggested!that!
changeslinlflowlandlexportlpatternsimodeled!under!some!BDCPlscenarioslwould!reduce!
entrainmentlandlsubstantiallylchangellong'termlsurvivallofiDelta!Smelt.|Anotherlexamplelisial
state—spacelmultistagellifelcycle!modelltolexamineltheleffectslofldifferentlenvironmentall
variableslincludinglentrainmentlonldifferentllifelstages!(Maunderland!Deriso!2011}!Therelis!
disagreementlinlthe!lCAMT!Entrainment!Subgrouplaboutlwhetherlthe!lMaunderland!Deriso!
(2011)lresultslsupportlthelhypothesisithatladultlentrainmentlaffect!populationitrends!More!
recently,lRoseletlal.l{20134a,b)ldeveloped!anlindividuallbasedllifelcyclemodellthatlincluded!
estimatesloflbothllarvallandladultlentrainment!They!proposelthatltherelislalthigherldegreelof!
supportiforlentrainmentleffects, ithoughlthislclaimlislbased!onlassumptionslabout!lwhichltherelis!
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disagreementlincluding!thelassumptionsithatlparticleltracking!modellresultslarelalreliable!proxy!
for!DeltalSmeltimovementlandl!thatDeltalSmeltlengagelinlallarge”scaleleastward!migration!
annually.linladdition,!Millerletlal.}(2012)foundlevidenceloflentrainmentleffectslon! adult"to”
juvenilelsurvivallbut!notloverlthelfish'sllifelcycle |Otherslhavelexamined!theleffectsloflcovariates!
on!DeltalSmeltlpopulationltrends,!butlreliedlonlseasonallylaveragedlexportlievelsiratherlthan!
specificlestimatesloflentrainment!{MacNallyletlal.12010;!Thomsonletlal.12010).!1

Geneticleffectslarelconsidered!aslalkeyltoolltolunderstand!theleffectsloflharvestimortalitylon!
populations.ISuchleffectslmaylincludellossloflgeneticlvariation,land!selectivelgeneticlchanges!
(Allendorfletlal.l2008).10nelapproachltolexaminelpatternslinlpopulationlviabilitylisltolexamine!
effectivelpopulationlsize!(N.)!basedlon!genetics,laslwelllasloveralllpopulationlsize!(N)!ithough!
thislislnotlthelonlylapproachlandlitimaylyieldlresultslinconsistentlwithlotherlapproachesl(eg.,!
measurementloflalieliclrichness)lLow!N,./N!ratioslcanlindicate!thelpopulationlhasliow!genetic!
variability,Ipotentiallylresultinglinlreduced!adaptability,!persistence,land!productivity!(Hauserlet!
al.12002).!Effortslarelcurrentlylunderwayltolmeasurelboth!N land!N!forlDeltalSmelt.IPopulation!
viabilitylcanlalsolbelexamined!usinglalternative,Inon'geneticlapproaches.!Forlexample,!Bennett!
(2005)!Ipresented!alpopulationlviabilitylanalysis!(PVA}lusing!historicalDeltalSmelt!FMWTlindices!
tolassesslthellong"termltrajectoryloflthelpopulation.!Tolourlknowledge,ltherelthavelbeen!no!
attemptsltolincorporateldifferentlstressorsisuchlaslentrainmentlintola!lPVAlmodelll

DemographidEffects & herelislanlincreasinglrecognitionlinlfisherieslbiologylthat!therelcanbe!
substantialldiversitylinlthellifelhistorylstrategiesloflindividualsland!suti'groupsloflpopulations!
(e.g.!Secor!1999).litlislhypothesizedlthatltheseldifferent!strategies!provide!“betthedging”lagainst!
variablelenvironmentallconditions.|Recent!studieslonlotolith!microchemistry!{Hobbslet!lal.12007;!
Hobbs!2010)lreveallthat!DeltalSmeltlhavelsubstantiallvariabilitylinltheirluselofldifferent!salinities!
acrossithelestuary.lExampleslofllifelhistoryltypeslobservedlinclude:lifreshwaterlresidents;!
brackishlresidents;land!fishlthat!moveltoland!from!brackishlandlfreshwater.IThisltype!lof!
diversitylmay!notlbelconfinedltolsalinity!"lotherlvariationlsuchlasitemporallorigeographiclcould!
belconsidered.!Givenltheselissues, litlislimportantltolunderstandlwhetherlandthowlentrainment!
affectslthelrangelofllifelhistorylstrategiesithatlcan!belexhibited!byDeltalSmelt.!

IMechanisticlEntrainmentiModellThislmodellillustratesthow!severalldifferent!mechanisms!may!
interactltolcauselentrainment,landlassociatedleffectslonlthe DeltalSmeltlpopulation.IThe!
individuallmodels!forladultsland!larvaelarelprovided!belowlin!Figures#"3land!4"4, Irespectively.!
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Winter Distribution Hydraulics

*VechanisticEntrainmentModeMor*AdultDelta®Smelt!

Figure®

linflowlislshownlwithlanlasterisk!(*)linlthe!“Water!Ops”lbox!(l owerlright)lbecauselitlisldriven!by!
bothloperationslandlexternallweather!conditions.!!
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Spring Distribution Hydraulics

Figure*dkd*MechanisticEntrainment™ModeMorLarvalDelta*Smelt!

Inflowlislshown!withlanlasterisk!{*})linlthe!“Water!lOps”!box!{lowerlright)!becauselitlisldrivenlby!
bothloperationslandlexternallweather!conditions.

Thelbackgroundlinformationlsupportingltheladultland!iarvallMechanisticlEntrainment!Models!
werelprovidedlinlthelprevious!section.IThelfollowinglislalbrieflexplanationlofthowl!different!
modellcomponentslinterad!forltheladultimodel.!

Thelfocusloflthislmodellislentrainment,!shownlaslaldark!bluelrow.IThe!lmodellillustratesthow!
entrainmentlcanlhavelthreeltypes!oflpopulationlievelleffectsl{greenlrowslinlupperlpartlof!
figure).ITheseleffectslcanlincludelproportionallentrainment,!population!dynamics,land!
demographicleffects.!

Alhypothesislislthatltheltwolmain!factorslinfluencinglentrainment!{darkl!bluelrow)!are!Winter!
DistributionloflDelta!lSmelt,land!Hydraulics!{light!bluelrow) .10flprimarylinterest!for!Winter!
Distributionlislthe!proportionlofithe!DeltalSmeltlspawning!populationithatlisldistributedlinlthe!
regionloflthellower!Sanljoaquin!River!(south!Delta),!wherelentrainment!riskslarelelevated!
Hydraulicslincludes!factorslsuchlas!Old!land!MiddlelRiver!flowldirectonlandlvelocity!thatimay!
influencelmovementlofithelfishltowards!thelsouth!Deltalexportifacilities!!
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Moreover,!thelmodellpositsithat!Winter!Distribution!{leftllight!bluelbox)!can!belinfluenced!by!
winter!lHydraulics!{Rightllightlbluelbox),laslwelllasltwoladditionallfactors!{purple!row):!Habitat!
conditions!duringlwinterland!FalllDistributionlof!pre'spawning!Delta!Smelt.|Specifically, lthe!
modellpredictslthatDeltalSmeltlwilllnotishiftitheirlWinter!Distributionlintolthelsouth!Delta!
unlessthabitatlconditionslarelsuitable.lExample!Habitatlconditionslinlthisimodellinclude:!!
Salinity,Temperature,!Turbidity,!Food, |Predation,land!OtherlWater!Quality!Variables!Fall!
Distributionloflpre"spawningl!fishlislincluded!becauselfishimaylbelat!morelorliess!risk!depending!
onlwhereltheylarellocated!priorltolmovingltolspawninglareas.!Forlexample,!pre"spawning!fish!
distributedlinlthelCachelSlough!lComplexlarethighlylunlikelyltolbelentrained!by!the!South!Delta!
exportifacilities.!Thelmodellalsolrecognizeslthat!Habitatlconditions!(middlelpurple!box}ican!
affectlthe!FalllDistribution!{leftlpurple!box)loflpré'spawning!DeltalSmelt.!

Finally,lthelmodellproposes!that!Hydrology!(right!purple!box)laffects!Habitat!Conditions!{middle!
purplelbox)land!Hydraulics!{rightllightlblue!bax).INotelthat!Hydrologylisldividedlintoltwolgenerall
categories:!{(1)!Inon"operationall(channellgeometrylandltides);land{2)loperationall{exports,lgate!
operations).lInflowlislconsidered!alcomponentloflbothlcategories .IHence,!thellatterlgrouping!
helps'tolillustratelthelpotentiallrolelofloperationslinlthelmanagementloflentrainment!

ThelMechanisticlEntrainment!Modellforllarvael(Figureld)lislverylsimilarltolwhat!was!described!
forladults!(Figure!3).IThelonlyldifferencelinlthelorganizationlisithat!the!Spring!Distributionlof!
larvael(leftllight!bluelbox}lisldetermined!by!Spawner!Distribution!{lowerlieft!purplelboxlinlFigure!
4)Iratherlthan!Fall!Distributionlasldescribed!forltheladultimodell{lowerlleftlpurplelboxlin!Figure!
3).1

Hypothesis"DriveniEntrainmentiModel.IThislmodellincorporates!severalloflthelkeylmechanismsl!
fromlthelprevious!modellandlbackgroundlinformationltolillustratelhowl!specificlalternative!
hypotheseslcanlbelconstructedlaboutlthelmovementlofiDeltalSmelt.!Welproposelthatlthe!
entrainmentloflDeltalSmeltlinlthelsouth!Deltalislalspatiallylexplicit!processlthat!dependslonlthe!
movementlofiDeltalSmeltlas!depictedlinithelfollowinglconceptualimodelsiforladults!(Figure!4'5}!
andllarvaelandlpost'larvael(Figurel4"6).ll

Figureld'sforladult!DeltalSmeltlillustratesithatltherelarelthreelgenerallpossibilitiesiforlwinter!
spawning!movements:!{1)ladultslcan!movelseaward;!(2})!ladults!canlalready!belrearinglinithe!
SacramentolRiverlsystemlandlstaylthere;lor!(3)!ladultslcanlbelnear!(orlapproaching)ithe!
confluenceloflthelSacramentoland!Sanljoaquinirivers.|Onlyl(3}thaslany!meaningfullprobabilitylof!
entrainmentlinlthelsouth!Deltal{depicted!as!P(E)!>!0).

Thislconceptuallmodellframeworklallows!multiplelalternativethypotheses!tolbeldepicted!as!
guasi"mathematicallstatements!Each!numbered!alternativelinleachlbox!representslaldifferent!
draftlconceptualimodel/hypothesisiforiwhyDeltalSmeltimovelinlalparticularldirectionlduring!the!
winterlbasedlonlhabitatlconditionsland!hydraulics!(seeFigures!4"3land!4"4!forlMechanistic!
Entrainment!Model).ll
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Figure®iG*HypothesidDriven*Entrainment™odeMor*AdultDelta*Smelt*
!

Thellarval/post'larvallentrainment!frameworklislverylsimilarlexceptlthatlitlhaslsomeldifferent!
elements;!forlinstance,!thellocationlthatleggslwerelspawned!and!hatchedlintollarvaelislincluded!
inlthelhypotheses,land!tidal!flowslarelde"emphasized!becauselthellarvael{l)lrear!forlextended!
periodslinlfreshwater!{(Degeland!Brown!2004),land!(2)larelnotlattempting!tolmoveltolfreshwater!
spawninglareasllikeltheladults.!Forlalsmalllfishlinlaltidallenvironmentllike DeltalSmelt,!
energeticallyleffectivelupstream!movementlrequiresltidallsurfing!{useloflthe!flood!tide!tolpropel!
fishlupstreaml!andlebbltideltolpropelifish!/downstream,land!avoidanceloflfulllvelocitybartsloflthe!
waterlcolumnltolmaintain!position!(Sommerlet!al.!2011;!Feyrerletlal.12013).Veryllittle!
directionallswimminglislrequired!for!positionlmaintenancelinlalstrongly!tidallenvironment!
(Kimmererlet!al.!1998;12002;!Bennettletlal.!2002).!Particleltracking!modelslhavelbeenlused!to!
predictllarvallDeltalSmeltldistributions!{Kimmerer!2008);lhowever,!modelsithatlarelablelto!
incorporateltidallsurfinglandlotherlbehaviorsimay!providelmorelconfident!predictions!!
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LARVAL/JUVENILE

ENTRAINMENT LEGEND
CONCEPTUAL Ciwe =tidal flow
MODEL O = Deltaoutfiow
FRAMEWORK Ogsss = OMR flow
e ions Tk will i 515 ME = probabifty of enrainment
e et Start = hatching location

Figure®6*HypothesidDriven*Entrainment™Modelfor®*
Larvafand*PostiLarvalDelta®Smelt*

F

ManagementlActionlEntrainmentiModelThelthirdlconceptualimodell(Figureld"7)lisIstructured!
tolshowlhow!managementlactions!(salmon'colored!boxes)linteractlwithlecosystem!drivers!{blue!
boxes)ltolproducelphysicallresponseslinimultiplelecosystem!attributes!{greenlboxes),lwhichlin!
turnllead!tolecologicallresponseslofimanagementlconcern!{orangelboxes).IThelexample!
providedlisiforladultiDeltalSmelt,lbutlalsimilarlmodellcould!beldevelopediforliarvae.! Thelprimary!
ecologicallresponselofimanagement!concernlislthelproportionlofltheDeltalSmelt!populationlin!
thelvicinityloflthelwaterlproject!pumpslinithelsouth!Delta.!Waterlprojectloperationslinlthelsouth!
Deltalmayl!thenlpotentiallylinfluencelthelmovementlofffishltoward!projectlintakelfacilities,!
leadingltolentrainment.!IThelmodellacknowledgeslenvironmentallcues!thatltriggerimovementlto!
spawninglareaslinlthelwinter.!Alworking!hypothesislislthat!pre"spawningladults!disperse!to!
suitablelspawning!habitatslinlresponseltolindividualllifethistory!circumstancel(thelrelevancelof!
theirlarealoflorigin)land!cues!(e.g.!that!mightllead!them!tolfresherlwater) !butlthelbioticland!
abioticlconditions,!particularlylturbidity,!Imustlbelsuitable!forlthelfishltolinitiateland!sustanlthat!
movement.!ForDeltalSmeltllocated!near!thelriver’'slconfluence,!thelchoiceloflwhether!to!move!
intolthelSanlJoaquin!Riverlsystemlorlremainlinlthelwestlorinorthernlportionloflthelestuary!may!
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beldeterminedlinlpartlby!flows,ltides,land!habitatlconditionsisuchlas!waterlquality.!Hence, !the!
relativelconditionslinlthe!Sanloaquin!RiverlversuslthelSacramento!Riverimay!belalkey!factor!

guidinglthelfishltowardsloneltributarylversuslanother!
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4.3* South*Delta*Salmonid*Survival*
ThelNMFS!2009!BiologicallOpinionlonliong'termloperationsloflthe!lCVPland!ISWPlincludesitwo!
RPAlactionslthat!focuslon!Deltalprojectloperations!{andlassociatedthydrodynamiclconditions)!
and!through'Deltaloutmigration!successloflsalmonids:!

ActionliV.2.3-IRequireslOMRIflowsltolbe!nolmorelnegativelthan!'5,000!cfs;!less!
negativellevelslarelrequired!whenlsalmonid!salvagelatlthelexportlfacilitieslexceeds!
specifiedltriggers!

ActionliV.2.1-IRequires!thelprojectsitoloperateltolalparticulariSanloaquinlinflow!to!

Deltalexport!{l:E)lratiolbased!onlthe!Sanloaquinlwaterlyearlclassification.!
!
SouthDelta®almonid®SurvivalProblem®Statement®
Therelislgenerallagreementlthat!survivalloflemigratinglsalmonids!from!thelSanljoaquin!River!
systemlthroughlthelsouth!Deltalhasldeclinedlinlrecentlyearslandlislnowlveryllow.!Therelisla!
rangeloflviewslregardingltheleffectsloflsouth!Deltalhydrodynamics,laslaffected!by!Sanljoaquin!
inflowlorldeltalexports,lonlthelsurvivalloflsalmonidslemigrating!fromthe!SanlJoaquin!River!{and!
forlthatlmatter!from!thelSacramentolRiver)!through!thelsouth!Deltall
!
Whetherl:ElratiolorlOMR!flowslarelappropriate!metricsiforllinking!tolsalmonidlsurvivallis!
subjectltoldifferentlviews.!Somelfeellthat!both!metricslareluseful,!somelfeellthatlone!metric!
may!belmorelusefullthanlthelother,landlsomelquestion!theluselofleitherlmetriclaslalfactor!
influencinglsalmonid!survivall
!
Thelunderstandingloflcausallmechanismsiforitheldeclinelinlsurvivallcould!belimproved!through!
targeted!studies,ladditionallin"depthlanalysesloflexistingldata,land!developmentlofinew!
modelingltools.IThislwilllrequirelconsiderationlofinkages!betweenlvarious!physicalland!
hydrodynamiclfactorsland!biologicallbehaviorallcuesland!responses!(includinglthoselofboth!
salmonidsland!predators).IThelinfluenceloflSanlioaquiniRiverlinflowsland!projectlexportslon!
theselfactorslisloflparticularlimportanceltolCSAMPIdueltolthelscopeloflthe!Section!7!
consultation.!Reducingluncertaintieslinthowlmanagementloflwaterloperationslaffectpatternslof!
survivalland!mortalitylofloutmigratinglsalmonidslislalkeylgoalloflthelCSAMPleffort.!
!
SouthDelta®Salmonid*Research™Collaborative®SDSRCK
Inlanleffortltolimprovelunderstandingland!reduceluncertainties!concerninglthelroleloflwater!
projectloperations,INMFSland!DWRljointlylinitiated!the!South!DeltalSalmonid!Research!
Collaborativel{SDSRC)linlearly!2013l{prioritolthelformationlofICSAMPland!CAMT)withlinputland!
participationloflReclamation,!U.S.IFishland!Wildlife!Service (USFWS), |CalifomialDepartmentlof!
Fishland!Wildlife!(DFW),IState!Water!Contractors,!Westlands!Water!District,land!Delta!
Stewardship!Council.IThe!SDSRClwaslconvened!aslanlopen!technicallforum!bringingltogether!
researcherslandlmanagersltolfocuslonlimproving!thelunderstandinglofljuvenilelsalmonid!
survivallinlthelsouthlSacramento'Sanloaquin!Delta.ll
!

WhilelthelSDSRClwas!not!formed,lorldirected!bylCAMT,ICAMT!hasllooked!tolthelworkloflthe!
SDSRCholinformltheldevelopmentloflitslworkplan!(seelSection!3).IThelsections!below!provide!
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highlightslfrom!thelSDSRClworkltoldate.!Almorelcompleteldescriptionlofithe!SDSRClandlits!
activitieslcanlbelfoundlin!lAttachment!A.ll

!
BeginninglwithlitslinitiallmeetinglinlJanuary!2013,!the!SDSRCladopted!alstepwiselstrategyland!
aggressiveltimelineltoldesign,!peerlreview,landlimplementinewl!research!focused!onlincreasing!
thelunderstandingloflthelroleloflwater!projectloperationslonljuvenilelsalmonid!survivallThe!
SDSRCldeveloped!alserieslofitechnicallproducts,lincluding:!i

o Alconceptuallimodellloflsouth!Deltalsalmonid!migrationallsurvivall(see!Figurel4'8);!

o  Anlanalysisloflstatisticallpowerl!forlall'yearlthrough'Deltalsurvivallstudyloflsteelhead!
and!falliChinook!{AppendixIMlinlAttachment!A);!

o ldentificationloflpotentialleffectlsizeldifferences!th at!may!belimportantlbiologicallylfor!
thelpurposesloflexperimentalldesignldevelopmentland!scientificlinquiry}

o Fourteenlhypothesis'based!concept!proposalsiforlresearchlimprovinglthelunderstanding!
oflsouthl!Deltalsalmonid!survivall{Appendix!GlinlAttachment!A)}

oo Guidelineslforlconcept!proposallevaluation!{Appendix!HlinlAttachment!A)}

o Alreviewloflthelongoing!6'yearlsteelhead!survivallstudy!{RPAlAction!iV.2.2),ltolinclude!
identificationloflinflow'exportlconditions!thatlhavelnotlyetlbeenltested!(Appendix!Llin!
Attachment!A);!

o ldentificationloflopportunitiesland!constraints!tolenhancellearning!fromlthel6 "year!
steelhead!studylin!2014!(Section!4.4lin!lAttachment!A};!

o ldentificationlof! alnew!“Desktop!SurvivallStudy”|{stilllinlreview)forlimplementationlinlas!
earlylasl2014!thatlincludesladditionallanalysislorlmeta"analysislofldatalfrom!previously!
conducted!studiesloflthelsurvivallandimovementlofltagged!salmonids!{Appendix!lin!
Attachment!A}ill

!
ThelSDSRClhaslprovenltolbelalproductivelforumlforlexchanginglviewslandlexploring!diferent!
approachesltolnewl!scientificleffortsitargeting!lmanagement'relevantlquestions.linladdition!to!
developinglalconceptuallmodelland!associated!research!proposals!focusinglonlkeylresearch!
pathways,!thelgrouplhasthad!technicalldiscussionslaboutlalwidelrangelofltopics,lincluding!what!
levelslofleffectlarelbiologicallylrelevant,lthelstatisticallpowerlandlexperimentallconditions!
neededltoldetectlalparticularleffect,lthelpotentiallambiguitieslinlinterpretinglresults!from!
acousticltagldata,!thelkindsloficovariateslthatlwouldlideallylbe!lmeasured!duringlany!
experiment,land!thelvariousispecificlhydrodynamiclcueslthat!fishimaylbelrespondinglto.!

southelta®Salmonid®SurvivalfConceptuaModelfandSDSRCStudyProposals®
Figureld"8lbelow!showslthelcurrentlconceptuallmodellbeinglused!bylthe!SDSRClas!lalframework!
forldevelopmentlofthypotheseslandiconcept!proposalsirelatingltolsouth!Deltalsalmonidlsmolt!
survival.IBecauselthisimodellincludeslextrdregionalldriverslaffecting!mechanisticlrelationships!
inlthelmodel,!suchlasltidaliforcing,landlincorporateslendpointsirelated!tolthelfullerllifelcycle,!
suchlasljuvenilelconditionland!timinglofloceanlentry,litlaccommodateslalwiddrangelof!
hypotheseslregarding!thelmajorlfactorslinfluencing!South!Deltalmigration!survivalland!
populationloutcomes.!Figurel4"8lalsolhighlights!(inlwhiteltext)lhowl!thelfourteenlresearch!
proposalsldeveloped!bylthe!SDSRClrelateltolspecificlelementslofithelconceptualimodellThe!
numbersishown!belowleachlelementlreferltolspecificlresearchlproposals,lasllistedlinlTable!4"7.!
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5.0(0ther(Relevant(Science(Activitieg
Thelfollowing!sections!brieflyldescribelongoinglsciencelactivities!thatlarelnotlbeingldirected!by!
CAMT{mostloflthelactivities!pre"datelthelformationloflCAMT),lbutlarelrelevantltolthe!| CAMT!
priorityltopiclareaslanditheldevelopmentloflrevised!DeltalSmeltland!Salmonid!BiologicallOpinions!
ManylofltheselactivitieslhavethadllittlelorinolinvolvementlbylwaterlagencylorINGO!
representatives;lhowever,lthelCAMTlislexploringlopportunities!tolimprovelcollaborationlonlsome!
ofltheselinlthelfutureland!thelagencieslarelcommitted!tolgreater!stakeholderlinvolvement!!

5.1{ The(Fall{Outflow(Adaptive(Management({Plan{{FGRAMP){
The!BiologicallOpinionlrequired!that!lReclamationlestablishland!conductlanladaptivelmanagement!
programltoladdressluncertaintieslaboutlthelefficiencylofltheFalliX2!Action.IThe!BiologicallOpinion!
requireslthatltheladaptivelmanagement!planlinclude!“alclearly!statedlconceptualimodel,!
predictionslofloutcomes,lalstudy!designltoldeterminelthelresultsloflactions,lalformallprocessifor!
assessmentlandlactionladjustment,landlalprogramlofipeerireview....”!{BiOp!p.!1369.}IReclamation!
worked!withlother!federalland!statelagenciesltoldeveloplandlimplementithelFalllOutflow!Adaptive!
Management!Plan!{FOAMP).IThelFOAMPlislintended!toleffectladaptivelmanagementlofithe!2008!
fallloutflow!RPAlelement,laslwelllaslinform!developmentloflfuture!BiologicallOpinions.!

!

AslpartloflthelFOAMP, lalsetloflconceptualimodelslwas!developed!bylanlinteragencylteamlwithlthe!
assistanceloflalfewlacademiciscientists.IThelteamlsubsequentlylidentified!specificlstudieslandland!
alwrittenImonitoringlplan.IThelplanlwaslinformed!byladvice!lfrom!alNationallResearch!Councill
panellthatlindependentlylevaluated!thelbiologicallopinionslinlalreport!published!in!2010!
(http://www.nap.edu/catalog.php?record id=12881).11

!

AfterloverlalyearlofldevelopmentlunderlReclamation'slsupervision,lthe FOAMPlinvestigations!
beganlinlAugustlofi2011linlcooperationlwithlthelinteragency!EcologicallProgram!(IEP} lwhichlisla!
researchlconsortiumlofistateland!federallagencies,lincluding!CalifornialDepartmentloflFishland!
Wildlife,!CalifornialDepartmentloflWater!Resources,!U.S.|1BureauloflReclamatiol.S.IFishland!
WildlifelService,!U.S.|GeologicallSurvey,landINOAAlFisheries!Servickndividuallstudieslwere!
designed!tolanswerlquestionslaboutlthelecologylandldynamicslofliow'salinitylhabitat!{LSH)linlthe!
SanlFranciscolEstuary!(SFE}land,!specificdly,!thelroleloflLSHlinlthebiologylandlecologyloflDeltal
Smelt.IBecauseloflthelbroadlrangeloflquestionslbeinglexplored!byltheselstudies,!Reclamation, lin!
cooperationlwith!theliEP,!perceivedithelneed!forlalbroad!synthesisloflthelfallthabitat!studies,!
ongoingliEPImonitoringlandlresearch,longoinglresearch!funded!bylotherlentities,land!previous!
studieslinlthe!San!FranciscolEstuary.!ThelFalllLow!SalinitylHabitat, lor!“FLaSH”IReport!(Brownletlal.!
2013),lislthelfirstisuchlsynthesis,landlregularlupdateslarelexpectedlinithelfuturelasipartbflthe!
annuallAMPlcycle.IThelFOAMPIstudieslarelsummarizedlinlthelOverview®of'Study*Efforts!section!
below.!

!

SubsequentltolthelreleaselofithelFlaSHIReport,lanliEPIModelingland!Synthesis!iTeam!{MAST)!
conductedladditionallintegrativelanalysislofifallthabitat!studyl!resultslandlhas!beenlpreparinglits!
findingslinlaldocumentlknownlaslthelMAST!Report.linladditionltolsynthesizinglinformationlonlthe!

”68"

ED_000938_00000645-00072



effectslofiflowlandlotherlenvironmentalldriverslonDeltalSmelt,!the!MAST hasltakenladditional!
stepslinlrefininglthelconceptuallmodelslunderlyinglthe FOAMP.IThe!MAST!conceptualimodelslare!
now!beinglused!aslalpointlofldeparturelforlbothltheFOAMPland!thelnew!CAMTIstudies.!

!
ThelFOAMPlwasldesigned!fromlthelstart!tolbelsubjected!tolindependentlscientificlreviewlonlan!
ongoinglbasis.!Alstandinglindependentlexpertlscience!panellwaslcreated!byltheDeltalScience!
Programlin!2011.!The!lpanellreviewed!anlinitialldraftFOAMPIin!2011,land!thenlreviewed!almore!
complete!lFOAMPIlandlinitiallstudylresults!inl2012.1Bothlreviewslarelavailable!from!the!Deltal
Sciencel!Programlwebsitel(http://deltacouncil.ca.gov/science'program/longterm”operations”
biological"opinions"annualscience'review).IThelFOAMPlexpects!tolconductlanotherlreviewlwith!
thelpanellin!2014lor!2015.ITheltiming!willldependlon!progresslintegrating!stakeholder!science!
prioritieslintoltheldevelopmentlprocessithatlwilllresultlinlanlupdated!FOAMPlworkplan!in!2014!

5.2{ FLaSH(Studies(in{the(lEP{Workpla®
ThelFLaSH!studies!falllbroadlylintolseverallcategories:!1)ipopulationlestimationland!supportifor!
interpretationloflongoing!DeltalSmeltlmonitoringlprograms;!2)lenvironmentalland!hydrodynamic!
covariatelsamplinglandlinterpretation;!3)!Inutrientlsource, fate,!ldynamics,land!rolelin!foodiweH
support;l4)lphytoplanktonldynamics,!zooplankton!dynamics,landDeltalSmeltlpreylsampling;!5)!
DeltalSmeltlgrowthlratelestimateslandlotolith!microlchemistrylinterpretation;!6)thistopathologicall
characterizationlofiDeltalfisheslandlindicatorsloflindividuallhealth;!7)Ismeltlcultureland!genetics!
characterization,!8)!bivalvelbiologyland!behavior,!and;!9}lcontaminantsland!tharmfullalgallbloom!
detectionlandleffectsicharacterization.!Table!5"1lbelow!provideslalsummaryllistingloflthelongoing!
FLaSH!studies.!!

5.3( Delta{Smelt{Lifecycle{Modeling(Studies{{Newman(et(al.,(USFW$)
AlDeltalSmeltllifelcyclelmodelltolbelusedlaslalmanagementldecision!supportltoollislunder!
development.IThelinitiallmodelinglobjectivelisltoluselthelmodelltolassesslandltolpredictkhe!
effectslonlthelDeltalSmeltlpopulationloflwater!manipulationslinlthelcentralland!south!Deltalduring!
thelwinterlandlspring!months.linlparticularlthelfocuslislonltheleffectsloflvariouslievelsloflreverse!
Oldland!MiddlelRiver!{OMR)flows,lwhichlarelprimarilylalfunctionloflwaterlinflows,lwaterlexport!
levels,landltheltides,lonlfishisurvivallandlreproductivelsuccesslwhilelaccounting!forlwaterlturbidity!
andlthelspatialldistributionloflthelfish!population.!Effectslofifallloutflow!strategiesiwillbe!
examinedlinlfuturelapplicationsloflthelmodelland!supportingldatalsets.!

!

Thelunderlying!statisticallframeworklislalstatelspace!modell(SSM).IAISSMlislaltechniquelfor!
modelingltwolparallelltimelseries,loneldescribinglthelunderlyinglpopulationldynamicthe!"state"!
process)landlanotherldescribinglthelavailablelfishlsurveylandlenvironmentalldatal{the!
"observation"!model).IThelcurrentlstatelprocessiformulationlhaslalmonthlyltimel!stepland!splits!
the!Bay"Deltalintolfourlregions.IThelpopulationldynamicslincludelexplicit!definitionloflsurvival,!
reproduction,land!movementlprocesses.|TheleffectsloflOMR!flowslenterslintolthe!modellvialthe!
adultlfishlsurvivallprobabilities,Iparticularlylforlfishlpresentlinithelsouthland!centrallDelta,landlvial
hydrologicallparticalltracking!modellpredictions!{{DSM"2IPTM)!oflthelentrainmentlofliiarvaeland!
post'larvae.lThelmodellislbeinglfitltoldatalfrom!severallfish!monitoringlprogramsl(e.g.,!120mm,!
Summerl!Townet,FalllMidwater!Trawl,!Bay!Study!Midwater!Trawl, land!Spring!Kodiak!Trawl!
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surveys)landlincorporateslotherlbioiticldata,le.g.,lEnvironmentallMonitoring!Program's!
zooplankton!survey,landlabioticldata,|e.g.,!waterlconditions!suchlastkidallvelocity, lturbidity,letc.) .|
!
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Population Estimation’and $upport for'interpretation of ongoing Delta’Smeit Monitoring brograms

1. #89DirectedField!
Collections!"!ISupplements!
tollong"term!population!
abundancelsurveys.!
Collection!support!
analyseslincluding!smelt!
health, lotolith, gut!
content, foodweb!
investigation!!

Raw!datalto!
address!
hypotheses!

Field!collection!
associated!with!FLaSH!

DFW"POD!(Existing!
effort)(Baxter)!

TBA!

2. #208!Smeltllifelcycle!
model!"IState"space'model!
constructionlandlestimate!
Delta!Smelt!population!
abundance!

Model!
construction!

2!phasedlefforttto!
developllifehistory!
modellof Delta!Smelt!
and!multiple!single!
specieslife history!
models/orlsingle!
integrated!multispecies!
life lhistory'model!

USFWS!(Existing!
effort)(Newman)!

Manuscriptslin!
progress.!
Dataneededor!
modelfitting'are!
nearly!lcomplete!!

estimatetrawllopenings"!
Supports!gearlefficiency!

Development"!
support!gear!

3. #130!Towed'imaging! Raw!data'to! ! USBR(Existingleffort)! Complete.!
System!ITestingloflvideo"  address! (Portz)! Publication!Feyrerlet!
basedtowed!abundance!  hypotheses!! al.12013!
samplingforlapplication'to! !

Delta'Smeltlandllongfin! !
I
4. #131!Acousticsto! Tool! ! DFW (existingleffort)! !

(Baxter)!
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evaluationland! efficiency!!
interpretationloflcatch!
effort!

5. #182!Develop!Acoustic! Tool for! Tool!Development! UCD!(Existingleffort)!  Complete.Final!
transmitterlsuitable for! population! (Loge)! reportlavailable!!
uselin!Delta!Smelt! estimate lof!Delta!

Smelt!

Environmental’and Hydrodynamictovariate Sampling and’interpretation™

6. #205!Delta'Sediment!  Rawlatalto! olect.*fild!monitorng! SS!(Wright) " 3rd!year!of!4ear. |
measurementsland'#206! address! datal! agreement!!
boundary!condition! hypotheses! !
monitoring!"! Datalused'tolsupport!

Measurementland! development,!
calibrationloflparticle"size! calibrationland!
binned!sediment! validation'oflnumerical!
dynamicslatithe!Delta! modelsloflsediment!
Boundaries! transportlandturbidity!

7. #230Suspended!sediment! Datalcollection! Analysislofthistorical! USGS!\(Existingleffort)! 4" earlof!slyear!
andX2lin!Suisun!Bayland!  andlanalysisko! Data! (Schoellhammer)! agreement!!
thelconfluencelduringlfall,! address!
1994"2011"sediment! hypotheses!
dynamicsltimelseries!!

8. #180'Hydrodynamicsland! Individual"Based! Modelinglandlanalysis!  SFSU!(Existingleffort)! Contractlended!
Particle!Tracking!modeling! Model!Support!  ofllabldatall (Kimmerer)! 12/31/13"13!
of Delta!lSmelt!Habitatland! and!understand! manuscripts!linlpreg
Prey!"ISupportforkhe! variability'of!
individual"Based!model! physical'fish!
published!by!Roselet!al.! habitatwithFall!

X2land!
population!
dynamics!of!
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Calanoid!

forlhutrients,suspended!
solids,'and!chlorophyll!
concentrations forfall!x2!
work.!!

effort)(Dahlgren)!

copopods!!

9. #232ISuisun!Bay! Modelinghto! Hydrodynamic!modeling! Stanford!(Existing! Ongoing!
Hydrodynamics:!Flows,! address! and!mapping!! effort)(Monismith)!
salt!fluxesland!x2! hypotheses!
dynamics!during'the!lEP!
fall'X2lstudy!

10. #207!3D'simulation lof! Modeling'to! Mechanistic!modeling!  RMA!Associates! Ongoing.!!
Delta!Smeltthatchling! address! (Gross)! Draftlexpected!spring!
distributionland!mortality! hypotheses! 2014!

11. #236!Sample!Processing! ! ! UC!Davis!(Existing! 2"lyearlof5lyear!

agreement!

12. Analysisloflexisting!data! USGS!(Kendall)! Ongoing!
variationlinflow'on!the! address! andhew!modeling!work! !
spatiallandtemporal! hypotheses!
variationslofInutrients,!
organic!matter,land!
phytoplankton!
13. #179!CausesloflSeasonal!  Raw!datalto! New!multiple!stable! USGS(Kendall)! Ongoing!
and!spatialllseasonal! address! isotopelapproachto!
variationlinlvariationin! hypotheses! analyzelexistingland!
NH4!sources, sinks,!and! new!datall
contributionkolalgal!
productivity lusingla!multi"
isotopiclapproach!
14. #234Residenceltimelaslan! Raw!datako! ! USGS!(Kendall)! 4"learlofslyear!
aidtolinterpret!nutrient! address! agreement!
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dynamicslandlother! hypotheses! !
habitat!characteristics!in!

Suisun, 'SJRlconfluence!

and!Cache!Slough!complex!

15. #235!Enhancedfalllhabitat! Raw!datako! Extend'andlenhance! USGS(Kendall)! 4"Wearlof!s lyear!
characterizationlusing'a! address! ongoinglEP! agreement!
multi"fingerprinting! hypotheses! Investigations! !
approach! !

Analysisloflpreviously!
collected!samples!

16. #173Distribution,! Raw!data'to! Lablexperiment! SFSUY(Dugdale)! Extendedto!
concentrations,'andfate! address! 12/31/13!
oflammoniumlinthe! hypotheses!

Sacramento!Riverlandthe!
low!salinitylzone!
(phytoplankton!uptake!
and!bacteriallnitrification!

rates)!

17. #174\Influenceloflelevated! Raw!datalto! Lablassessmentlof! Cal'Maritime(Parker)! Extended'o!
ammonium'on! address! primary'productivity! 12/31/13!
phytoplankton!physiology! hypotheses! andlammoniumluptake!!
intthe!SFE!during!Fallll

18. #229!Supplemental! ! ! Cal'Maritime(Parker)! Ends!12/31/13!

Nutrientland!
phytoplankton!monitoring!
in!Suisun!'Bay!

Phytoplankton dynamics, %o

19. 9.De|ta Smelt! ng.

Datalneedho! SFSU.(EX|st|ng). Extendedto!

and'food'web! definehabitatlof! work!! (Kimmerer)! 12/31/13!
interactions.!Ongoing! Smelt! !
studiesloflsmelt feeding! ! Samplelprocessing'to!




6.000-S%¥900000 8£6000 A3

iHSLH

behaviorlunderlarying! continuelthrough!

conditions!of!prey!density! 2014!

and!predators! I
2!manuscripts!
submitted!
6'manuscriptslin!prep!

20. #62'Fish!Diet'and! ! ! FLaSHlreport! !
condition,!See!FLaSH! (Existingleffort)!
report!(2013)!

21. Interd|SC|pI|nary'stud|esI i NN UCD!(Hobbs)! Completed.!
on!DeltalSmeltlandllongfin! Publication!status!
smelt.!Otolith! unknown!!
microchemistrylanalyses!
andllife"history!
reconstructions!ofDelta!

Smelt!

Histopathologucal"Eharactenzatlon ‘of Delta ?lshes and mdlcators of mdlwdual*health*

22. #228!Estimationlof! Raw!datalto! 1 ) ucCD{Teh)!! ' Copled!! -
survival,lgrowth,'and! address!
reproductive fitnesslof! hypotheses!

Delta!Smelt!

Sm elttulture’and ’@enetlcs charactertza tion*

23. #108!Delta'Smelt!culture!  SourcelofFish¥or! Lablculturelofffish! UCD!(Existing!Effort)!  Continuous!!
facility! Labland'Field! (Lindberg)!
Experiments!
24. #135!Delta!Smeltlgenetics! Developmentlof!  Developmentlofl69ISNP!  UCD{May)! !
newllab! markersholreplace!
techniques! microsatellite'markerd
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Bivalve biology and’behavior*

#231Bivalveleffectslon!
thefood'web!supporting!
Delta!Smeltland!
recruitment!patterns!of!
bivalves'withlvarying!
freshwaterflow!

tolvariablelsensitivity!
environmentslinfield!
acclimatized!Corbula(
amurensis({!

edapbolicirresponses:

address!
hypotheses!

address!
hypotheses!

agreement!
I

Manuscriptlexpected!
Summer!2014!

Xtended1o:

12/31/13!
|

I'publicationlinIMEPS !
2!manuscripts'inprep!

27.

Regardinglenvironmental!
stresseslassociated lwith!
pollutantsland!changing!
turbidities!!

Raw!datako! Lablexperiment!!
address!
hypotheses!

ucbl(Connon)!

28.

#171'Remotelsensing!
mappingland!monitoring!
of Microcystis'and!
turbiditylin'thelupper!
SFE."llowresolution!study!
(30'meterlpixel)laslproof"
of"conceptsfor!
monitoring'Microsystis!

Other Studies™

Modeling!Study!

tobelusedlaslal
management!

UCD!(Ustin)!

Complete!
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decisionsupport!
tool.!Particular!
focuslon'the!
effectlofvarious!
levelsloflreverse!
OMR flows!lon!
fishlsurvivalland!
reproductive!
success. !!

30. Trawl!Gear!Efficiency!
evaluation!

Estimateslof!gear!
efficienciesfor!
DeltalSmelt!
survey!data for!
calculating!
absolute!Delta!
Smeltlabundance!
overlparticular!
interval!!

DFW land!USFWS!
(Baxter)!

31. Smelt!Survey'Review!
Study!

Evaluation lof!
existing!sampling!
programs'and!
interpretation!
efforts,!
describing!
explicit!
management!
driven!
informationlneed!
andlanticipated!
datalgaps!

UCDYEmilio'Laca)!




5.4 TrawbGearsEfficiencysEvaluations

Thislstudylwilllprovidelestimatesloflgearlefficiencies!forDeltalSmeltlsurveyldatalforlcalculating!
absolute!DeltalSmeltlabundanceslover!particularlintervals,landitolsupport!modelslofismelt!
populationldynamicslusinglintegrated!datal{including!gearlefficiencylestimates)}!from!severallof!
thelexistingllEPIsurveys.!Thelobjectivelisitddmorelcompletelylunderstandlthowl!currentland!
historicallsurveyslreflectlactualDeltalSmeltlpopulations,liocations,land!densities.!Current!
estimatesldolnotlincludelestimatesloflerror,land!thereforelarelunsatisfactoryltolassesslreall
smeltlabundance,lorltolmeasurelsmeltiresponseltolmanagementlinputs.IThislprojectlislexpected!
tolgeneratelmorelaccurateldatalinlthelfuturelthatlwilllbelused!tolinformDeltalSmelt!population!
modelslunderlconstructionlbylmemberslofltheliEPlandlothers!(seforlexample,INewmanletlal.) .!

Thelstudylislbeinglled!bylthe!CalifornialDepartmentlofiFishland!Wildlife!
!

Belowlislalbriefllistloflworklplanlelementslincludedlinlthelevaluation?
o Understand)logisticallrequirements)and)develop)coordinated)IEP)scheduling

I AssemblelCalifornialDepartmentloflFishland!Wwildlife!l(DFW)land!iEPlemployees!to!
discusslandlcharacterizellogisticallitems!forlcoordinationlandlplanning!purposes,!
specifyinglconstraints,!safetylissues,lvessellcoordination,!gearlredundancylneeds,!
equipment,land!deploymentichoreographylandiresponsibilities.

o Conductjpilot)schedulingjand)testing)

I Executelwhateverltriallsamplingland!deploymentlrehearsalslnecessaryltoldd'bug!
and!fail'safeldatalcollectionlprocedures.|Establishlvessellresponsibilities,!generate!
crewlrequirementslandlidentifyltemporary!stafflhiring!needs.!Determinelcrewland!
samplinglsafetylrequirements.!

o Executejtargeted)gear)deployments)andjrepeated)surveys

I Collectlcontrolledlandl!targetedlinformationlonlthelvolumelsampled!atlvarious!
depthslbylvarious!gearltypes.|Determineltheldepthland!iateralldistributionslofDelta!l
Smeltlbyllifelstageland/orlgearltype.!

o Evaluate)gear)performance,)preparejreports)

I Calculatelthelrelativelgearlefficiencies!forldifferentliEPifishlsurveys,lemphasizing!
thoselfocusedlon!DeltalSmeltl(e.g.,ISpring!Kodiak!Trawllsurvey,!20mmlsurvey,!
Summer!Townet,FalllMidwater!Trawllsurvey),landladdinglimportantladditional!
surveyslifipossiblel{e.g.,!Chippslisland!Survey,!Bay!Study!Midwater!Trawl}!Prepare!
analysislandlinterpretationlaslreportslonlgearlperformanceltolthellEPlandltolthe!
various!modelinglteamslusing!surveyldatalaslinputlinformationltolunderstandDelta!l
Smeltllifelcycleland!populationlvariabilityloverltimeland!space!

5.5 SmeltSSurveydReviewsStudy®
Thislstudylislcriticallylevaluatinglexistinglsamplinglprogramslandlinterpretationlefforts,!
describinglexplicitimanagement'drivenlinformation!needslandlanticipated!datalgaps,land!willl
proposelupdatedlorlalternativelprotocols!tolmatchlneeds,lsampling/coliection!schemes,land!
interpretationlconstraints.IThelstudylislbeinglconducted!by!Professor!lEmiliolLacalatlthe!
UniversitylofiCalifornia,!Davislwith!funding!provided!bylthelFWS$

!

!
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Belowlislalbriefllistloflwork!planlelementslincludedlinlthe!Smelt!Survey!Review!Study:!
o Conduct)Scoping)Workshop)

I AssemblelAgencyl(IEP)lrepresentativesiforithelpurposeloflidentifyinglavailable!
programmaticlmaterials!forlreview,lidentifyinglavailable!supportipersonnel,!
finalizing!projectltimelinesland!specifying!ldeliverablesiunderlgenenrllicontractiterms.!
OngoingliuvenilelFishIMonitoring!Programlandluvenile!Salmon!Survivorship!Study!
reviewl!planning!shalllbelused!aslalguidelforlfinalizinglworklprioritiesland!
deliverables.!

o Understand)and)characterize)current)aims)and)protocols

I Collectlbackgroundlon!purposelandlrequirementsiforlsurveys.!Understand!current!
fieldlprotocolslandlequipmentllimitations.!Becomelfamiliarlwithlpastland!current!
needslforldatalandlinformation,!managementlquestions,landlwaterloperations!
recommendations.!ProvidelcontextlforllEPIregulatorylrequirements,!speciallstudies!
demands,land!Workplan!formulation.!

o Evaluate)statistical)validity)of)collection)and)interpretation)protocols)and)procedures;)
propose)alternative)methods)if)necessary

I Examineltemporalland!spatiallaspectsloflsamplinglroutineslinllightlofliong'term!
collectionlaimslandinewer,near'term!datalinterpretation!needs.lincorporate!
updated!collectionlandlinterpretation!methods!wherelwarranted.!|Providelcontrast!
betweenlpast,!present,land!proposed!protocolsiforlillustration.!Describe!
shortcomingland!strengthsloflexisting!lsamplinglschemeslgivenlexisting!
infrastructuralland!programmaticllimitations.

o Devise)implementation)plan/change)scheme)and)provide)oversight)for)modification)
efforts){as)needed)

I UsinglcurrentliEPIsamplinglprogramslaslalbasis!forlirecommendation,!provide!
updatedlorimodified!sampling!plan,lifineeded.!|Overseeldatalconversionlwhere!
necessary.!Providelarchive/conversionlserviceslaslneeded!tolavoid!“orphan”!data!
sets.!Providelguidancelregardinglchange"overltolnewerlorimodified!datalcollection!
andlinterpretation!schemes.!

5.66 CentrabvalleysChinoolksLifesCyc odels
The!NMFS!Southwest!Fisheries!SciencelCenterlislleadinglalteam!developinglalCentrallValley!
ChinooklLifelCycle!Model(CVC'LCM)!thatltrackslthelproduction,!movement,!survival,land!
developmentlofimonthlylcohortsloflwinter'runiChinooklsalmonlthroughlfiveldistinct!habitats:!
River,!Delta,/Floodplain,!Bay,land!Ocean.!Hydrodynamicsland!waterlqualitylinlthe!Riverland!
Deltalplaylalkey!rolelinldetermininglthelprobability!that!salmonlwilllsurvivelthroughlthe!
different!stageslofltheirllifelcycle.lForlexample,lwaterlflowlandlvelocity!drives!thelmovementlof!
salmonlthroughltheirlecosystem,!lwhichlinfluencesltheirlultimatelsurvivallandlability!to!
reproduce.linladdition,!salmonlsurvivallislaffected!by!thelavailabilitylofthighly "productive!
floodplainlhabitatlthatlislgenerated!by!flowsloflsufficientlmagnitudeltolovertoplweirslinithe!

CentrallValley.ll
!

Alvarietyloflwaterlmanagementldecisions,!suchlaslreservoirlreleases,lwater!diversions,!pumping!
schedules,letc.,linfluencelthelhydrodynamicsloflthelRiverland!Deltalhabitats.Initiallmodelinglwill!
uselexisting!models!{CALSIM!LIHEC'RAS!land!IDSM2)ltoldescribelthelphysicallenvironmentlunder!
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variousthydrologicallandloperationallscenarios.Laterlversionslofithelmodellwillluselalmodified!
DWRI!Particle!Tracking!Modell{PTM)ltolincludelfish'likelbehaviors,!tolpredictisalmonlsurvivall
underldifferentlconditionslinlthelDelta.!

5.7 Enhanced®PTMS
AsldescribedlinlthelsummaryloflthelCVC'LCM!above,!thelLCM!developmentlteamlexpectsito!
incorporatelalmodificationloflthe!lDWR’sIPTM!modulelinliaterlversionslofithelCVC'LCM!that!willl
modellhow!particleslwith!fisfilike!lbehaviorslrespond!tothydrodynamiclconditionslinlthe Delta.!
DevelopmentloflthisltoollwilllallowlevaluationloflRPAlactionslthatlaffectlwithir'deltal

hydrodynamiclconditions.!
!

5.8 OthersStudiesSPertainingstofuvenileSSurvivabinstheSSouthSDeltas
Juvenilelsalmonid!migrationallbehaviorland!survivallinlthelsouth!Deltalhas!been!thelsubject!of!
considerablelresearch.ITable!5"2lprovideslalsummaryllistingloflproposed,longoing, landlrecently!

completed!studies!pertainingtolsalmonlsurvivallinlthelsouth!Delta.!
!

5.9 IEPSStudiesSRelevantStoSOMRSandSDeltaSmeltSEntrainments
Tables!5"3,15"4,land!5"5!providelsummaryloflsomeloflthel2014land!2105!EPIstudieslthatlhelplto!
address!specificlquestionslandlhypotheseslregardinglOMRland!DeltalSmeltlentrainment.!!
Theseltableslillustratelhow!manyliEPIstudies!directlyladdress!datalneeds,lhypotheses,land!
guestions.!Theltableslsummarize:llstudies!planned!for!2014!{Table5"3);llikely!studiesltolbe!
added!inl2014/(Table!5"4);landladditionallrelevantlwork!thatlislbeinglconsidered!forl2015!(Table!
5"5).litlshould!belclearlfromltheltableslthatimu ltiplelsurveys,!datalsets,land!studieslwillllikely!be!
necessaryltoladdresslthelquestionslandlhypothesesloutlined!in!Sectionl4.2.1l

!

!
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( Predationlonluveniles! residence(time(andpredation(on(
( RouteSpecific!Survival! juvenile(salmonids(in{vicinity(of(
Survivallto!Chipps{ barrier?!
What(is(the(predator(behavior(in(CCF,(
Clifton%ourt Biological(Process:( Predator® bfioz(zg(j‘li(sc;{/frg‘zsci;!a;on(Of( Kevin!Clark, !
68 Forebay®redation& g g ! Distribution/Abundance® p p‘ g Y L ) . Ongoing!
Studies® Individual(Outcome: ( Predation®nSuveniles& What(is(the(survival(of(salmonids(in( DWR!
CCF,(before(and(after(installation(of(
proposed(fishing(facility ¥
. ., VelocityFields! Howf(does(predator(density(affect(
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Environmental!

Table&(3%lanned¥eP&tudieskoBupport&AMT&ntrainment&ffort&

aw.data!to.

Jch!

3a,l4a"c,!5b"c! Field!monitoring! DWR!(Existingleffort)! [ Monthly!
Monitoring! H1"H5! address! data!
ProgramY(IEP)! hypotheses!
DeltalFlow! 4a"c,’5b"c! Raw!datato! Field!monitoring! USBR,!DWR!(Existing! | Monthly!
Measurementland!l H1"H5! address! data! effort)!
Database! hypotheses!
Management!
Smelt!Culture! Manypotentiall Sourcelofffishfor!| Lablculturelofffish! UCD(Existingleffort)! | Continuous!
Facility! applications! possiblellabland!

field!
experiments!

PhysicallProcesses!
Influencing!sSmelt!

1c,!3a,4a"c!

Migration liskey!
component!of!

Analyseslofffield!
datalcollectedlin!

UCD!&!BOR!(Existing!
effort)!

Ongoinglthrough!'2014!

Migration! entrainment! Sacramentoland!San!

conceptual! Joaquin!Rivers!

model!
Data! 1a"b,2a"b,'3a,4a" | Data! Datalstorage'and! DWR/(Existingleffort)! | Continuous!
Managementland! | c,/5a"c! management! management!
Utilization! H1"H5! system fforleffort!
20!mm!Delta! 2a"b,5a"c! Raw!data'to! Field!monitoring! DFW {(Existingleffort)! | Monthly!
Smelt!Survey! H4"7! address! data!

hypotheses!
Gearlefficiencylin! | 1a"b,2a"b,!3a,!4a" | Raw!data'to! Field!monitoring! DFW, 'FWS!(Existing! | Variable!
SupportloflDelta! | c,!5a"c! address! data! effort)!
Smelt!Modeling! H1"H5! hypotheses!
Deltalsediment! 3a,'4a"c,'5b"c! Raw!data'to! Field!monitoring! USGS, 'DWR!(Existing! | Monthly!
Measurements! H1"H5! address! data! effort)!

hypotheses!
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Sedimentland!X2!
in!Suisun!Bayland!
the!Confluence!

H1"H5!

movement!
conditionsland!
possibleltriggers!
tolmovement.!

effort)!

9. Fall'Midwater! 3a! Raw!datato! Field!monitoring! DFW/(Existingleffort)! | Monthlyl(fall)
Trawl!Survey! H1,'H6"8! address! data!
hypotheses!
10. Spring!Kodiak! 1a,'4a"c! Raw!datato! Field!monitoring! DFW/(Existingleffort)! | Winter"Spring!
Trawl! H1"3,H6"8! address! data!
hypotheses!
11. Summer!Townet! | 2a"b,'5a"c! Raw!datato! Field!monitoring! DFW/(Existingleffort)! | Summer!
Survey! H4"8! address! data!
hypotheses!
12. Upper!Estuary! 3a,'4a'"c,5b"c! Raw!datako! Field!monitoring! DFW {(Existingleffort)! [ Monthly!
Zooplankton! H1"H5! address! data!
Monitoring! hypotheses!
13. Delta!smelt! 1a,'2a,3a,4a"c,5a"c! | Evaluation!of! Analysisloflexisting! | FYS!(Existingleffort)! | Variable!
Sampling! H1"8! survey'methods! | datal!
Protocols'and! and!datalquality!
Ecological!
Interpretation!
14. DeltalSmelt!Life! H6"8! Need'tolevaluate!| Modeling! FWS(Existingleffort)! | Continuous!
Cycle!Model! population!
effects.!
15. Physiological! 3a,'4a"c,'5b"c! Studylon'habitat! | Lab!Experiment! UCD!(Existingleffort)! | Seasonal!
Mechanisms!of! H1"H5! needslof!Delta!
Environmental! Smelt!
Tolerancelin!Delta!
Smelt!
16. Suspended! 3a,'4a"c,'5b"c! Studylonlpre"” Datalanalysis! USGS!(Existing! Variable!
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17. Evaluation lof! 1la"d,12la"d! Tool¥orffield! Toolldevelopment! FWS?|(Existing! Variable!
Natural!Marking! studieslon! effort)!
in!DeltalSmelt! entrainment!
18. Operation lof! 3a,M4a"c,!5b"c! Raw!datato! Field!monitoring! USBR,IDWR!(Existing! [ Monthly!
Thermograph! H1"H5! address! data! effort)!
Stations! hypotheses!
19. Bay'Delta! 1a"b,2a"b,'33,4a" | Data! Datalstorageland! Multiplelagencies! Continuous!
Integrated! c,!5a"c! management! management! (Existingleffort)!
Database! H1"H5! system Yforleffort!
20. Otolith!'Analyses! | 4b,l6c! Datalon! Analysislofthistorical! | UCD!(Earlier!Effort)! | Report!duelin'2014!
oflPelagic!Fish! H8! movement! otoliths!
patternsloflsmelt!
21. Estimation'of! 1a,'2a,l6a"b,!d! Neededo! Analysislofthistorical! | FWS!(Earlier!Effort)! | Report!duelin'2014!
Pelagic!Fish! H6"HS8! evaluate! data!
Population!Sizes! population!
effects!
22. Feedingland! ! Datalneeded!to! | Analysislof! RTCY(EarlierEffort)! Report!due!lin!2014!
GrowthlofDelta! 3a,'4a"c,'5a"c! definelhabitat!of! | laboratory!datal!
Smelt! H1"8! smelt.!
23. Patterns!of! 2"b,!5b"c, '6a"b,d! Information! Analysis'of! DWR,UCD\(Earlier! Report!due!lin!2014!
Predationlon! H4"8! needed'to! laboratorylandffield! | Effort)!
Delta'smelt! evaluate! data.!
mortality lof!
larvallsmelt.!
24. Monitoring'inter’ | 1a"d,12a"d,'3a,'4c,! | Neededko! Analysislofthistorical! | UCD!(Earlier!Effort)! | Report!duelin'2014!

AnnualVariability! | 5c,'6c! evaluateleffects! | fieldlsamples!
ofDelta!Smelt! H5"8! onllifelhistory!
Contingentsland! diversity.!
Growth!
25. Delta!Smelt! 3a,l4a"c,!5a"c! Needed'to!define!| Analysislofifieldland! | RTC!(Earlier!Effort)! Report!due!lin!2014!

Feedingland!Food!
Weblinteractions!

H1"8!

habitat!of!Delta!
Smelt.!

lab!data!
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26.

Longfinland!Delta!
Smelt!
Bioenergetics!

3a,l4a"c,!5a"c!
H1"g!

Neededho!define!
habitat!ofDelta!
Smelt.!

Analysislofllabldata!

UcD\(Earlier!Effort)!

Report!due!'in!2014!

27. TFCFEfficiency! 1la"d,12la"d! Neededor! Analysis'of! USBRY(Earlier!Effort)! | Reportlduelin!2014!
Evaluation or! entrainment! experimentalldata!
Delta!Smelt! estimates!

28. Juvenile!Salmon! la"d,!2la"d! Neededfor! Analysis'of! USBR\(Earlier!Effort)! | Report!duelin’2014!
and!Adult!Delta! entrainment! experimentalldata!
Smelt!Salvage! estimates!
Efficiency!During!
VAMP lat ITFCF!
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SmeltCAM!

1d,'e,5d!

R.data! o

IEPI

[ TBAl

USBR, DWR, IDFW,!
address! Others!(Newleffort)!
hypotheses!

30. Increased!Survey! | 1d,'4e,!5d! Raw!datato! IEP! DFW,FWS!(New! TBA!
Effort! address! effort)!
hypotheses!
31. Increased!Spatial! | 1d,'4e,!5d! Raw!datato! IEP! DFW,FWS!(New! TBA!
Coverage! address! effort)!
hypotheses!

Table&(5%otential@dditional®015%€P&tudieskoBupport&AMTEntrainment&ffort&

Loss!Experiments!

aw!datalto! i
address! effort)!
hypotheses!
33. Random!Sampling! | 1d,4e,!5d! Raw!datato! IEP! DFW,FWS!(New! TBA!
address! effort)!
hypotheses!
34. Mark"Recapture! | 1d,4e,!5d! Raw!datato! IEP! DFW,!IFWS?!(New! TBA!
Efficiency,! address! effort)!
Recapture,'and! hypotheses!
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